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ABSTRACT 

The purpose of t h i s  s tudy  has been t o  ob ta in  t h e  l a t e s t  information 
on environment t o  be expected i n  Manned Space  t r i p s  as f a r  away as Mars and 
t o  relate t h i s  information t o  the  expected e f f e c t s  on explos ive  devices  i n  
such a way t h a t  p o t e n t i a l  problems with explos ive  devices  can be a n t i c i p a t e d  
and co r rec t ed  and realist ic s p e c i f i c a t i o n s  can be developed f o r  explos ive  
devices  which t a k e  i n t o  cons idera t ion  such environmental  e f f e c t s .  

The s tudy has  considered the du ra t ion  of space f l i g h t s  and t h e  
r e p o r t  inc ludes  d i scuss ions  on such environmental  f a c t o r s  as temperature ,  
p re s su re ,  e lectromagnet ic ,  e l e c t r i c a l ,  p a r t i c l e ,  chemical and shock and 
v i b r a t i o n .  Considerat ion i s  given to  e a r t h  o r b i t i n g  v e h i c l e s  and t o  t r i p s  
t o  Venus, Mars, t h e  Moon and the  la rges t ,  n e a r e s t  a s t e r o i d s .  

Within t h e s e  boundaries i t  is concluded t h a t  t r i p s  i n t o  t h e  Venus 
atmosphere could r ep resen t  some s e r i o u s  problems because of p red ic t ed  high 
temperature  and p res su res  although the re  is s t i l l  much t o  l e a r n  about t h e  
Venus atmosphere. 

I n  a d d i t i o n  t o  t h i s  spec ia l i zed  set of condi t ions ,  t h e  s tudy  ind i -  
cates p o s s i b l e  areas of concern due t o  long t e r m  temperature  exposures i n  
space,  p o s s i b l e  e l e c t r o s t a t i c  charge b u i l d  up on t h e  spacec ra f t ;  impact by 
p a r t i c u l a t e  matters and long range e f f e c t s  due t o  some of t h e  p re sen t  
s t e r i l i z a t i o n  procedures.  

It is concluded t h a t  while  t h e r e  i s  no environmental  problem, o t h e r  
than  poss ib ly  t h e  Venus atmosphere s i t u a t i o n ,  t h a t  is so s e r i o u s  as t o  
d i s r u p t  any p resen t  programs, t h a t  i n i t i a t i o n  of programs a t  t h i s  t i m e  can 
reduce t h e  s e v e r i t y  of f u t u r e  problems and improve t h e  r e l i a b i l i t y  of 
exp los ive  devices .  
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1 .  FOREWORD 

Many d e f i n i t i o n s  of exploslvesand pyrotechnics  can be found, 

b u t  considered from a u s e r ' s  viewpoint,  they are convenient sources  

of l a r g e  amounts of mechanical and thermal energy, r e l e a s a b l e  almost 

i n s t an taneous ly  upon demand. It is because of t h i s  t h a t  they are of 

va lue  t o  armed fo rces  and t o  miners, quarrymen, cons t ruc t ion  engineers  

and space explorers .  I n  r e l a t i v e l y  s m a l l  packages, explos ives  and 

pyro technics  perform t a s k s  such as ope ra t ing  swi tches  o r  va lves ,  opening 

b o l t e d  j o i n t s ,  rup tu r ing  separa t ing  membranes, d r iv ing  s t u d s ,  i g n i t i n g  

rocke t  motors, s t a r t i n g  f u e l  prrmps,separating m i s s i l e  and rocket  s t a g e s ,  

and many o the r s .  

Because of t h e i r  s m a l l  s i z e  and weight,  and t h e  s m a l l  amount 

of t r i g g e r i n g  energy requi red ,  they are ex tens ive ly  used i n  missiles 

and spacec ra f t  t o  perform necessary func t ions .  

exp los ive  devices  i n  t h i s  area a r e  ac tua t ed  e l e c t r i c a l l y ,  and are 

t h e r e f o r e  c a l l e d  e l ec t roexp los ive  devices ,  o r  more commonly Ems. 

The most commonly used 

Over t h e  next  decade or  two, manned s p a c e c r a f t  are expected 

t o  be  used on a v a r i e t y  of missions which could produce environments 

poss ib ly  i n t o l e r a b l e  t o  explosive devices  of p re sen t  design and materials. 

Since both s a f e t y  and r e l i a b i l i t y  of t h e  explos ive  devices  are of prime 

importance i n  these  missions,  the des ign  of f u t u r e  devices  must be 

s u i t a b l e  f o r  a l l  of t h e  poss ib l e  condi t ions  t o  which they might be  exposed. 

Because information use fu l  f o r  exp los ive  devices  i n  ex t r a -  

terrestrial environments i s  both s c a n t  and s c a t t e r e d ,  NASA Manned Spacecraf t  

Center  engaged t h e  Frankl in  I n s t i t u t e  Research Labora tor ies  (Contract  

NAS 9-4042) t o  ga the r  information on the  p o s s i b l e  environmental  condi t ions  

t o  which manned spacec ra f t  missions may be  sub jec t ed  w i t h i n  the  next  

t e n  t o  twenty y e a r s  and t o  analyze t h i s  information f o r  a p p l i c a t i o n  t o  

t h e  design of explos ive  i n i t i a t o r s  which w i l l  be  used on t h e s e  spacec ra f t .  

- 1 -  
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2. INTRODUCTION 

2.1 Scope of Study 

It w a s  agreed t h a t  t h e  study should provide broad background 

m a t e r i a l  regard ing  t h e  environments t o  which a manned spacec ra f t  i n i t i a t o r  

and i t s  r e l a t e d  systems w i l l  be exposed. Ye are concerned with  a l l  

c h a r a c t e r i s t i c s -  chemical, e lectr ical ,  thermal,  magnetic, o r  any o t h e r s  

which conceivably in f luence  the  i n i t i a t o r s  and t h e i r  c i r c u i t s ;  w e  are 

a l s o  concerned wi th  the  compat ib i l i ty  of materials and design concepts 

of s p a c e c r a f t  i n i t i a t o r s  wi th  these  environments. The s tudy i s  not  

concerned wi th  environments o r  condi t ions  p r i o r  t o  launch un le s s  such 

f a c t o r s  have a d e f i n i t e  e f f e c t  a f t e r  launch. For example, spacec ra f t  

are usua l ly  coated wi th  chemical sprays p r i o r  t o  launch, t he re fo re ,  

many r e s i d u a l  chemicals may be c a r r i e d  on the  spacec ra f t  a f t e r  launch. 

Other than such s p e c i a l  cases, the d i r e c t  i n t e r e s t  of t h e  s tudy  is i n  

launch, t o t a l  f l i g h t ,  and terminat ion of f l i g h t ,  whether on e a r t h  o r  

o t h e r  bodies.  The s tudy  is  l imi ted  t o  the  fol lowing manned missions:  

a. T r ips  t o  Mars 

b.  Tr ips  t o  Venus 

c. Lunar l a b o r a t o r i e s  

d. Earth-orbi t ing l a b o r a t o r i e s  

e. Tr ips  t o  t h e  l a r g e s t  nearby a s t e r o i d .  

Guides f o r  t h e  d i r e c t i o n  of e f f o r t  were a l s o  adopted as fol lows:  

a. We are concerned with both  external and i n t e r n a l  (on-board) 

b. While of secondary cons ide ra t ion ,  t he  va r ious  range requirements 

environments. 

must be  kept  i n  mind during t h e  s tudy  s i n c e  i t  w i l l  be  
necessary t o  launch from these  ranges.  

than  s p e c i f i c  i n  d e t a i l .  
w i l l  probably be w r i t t e n  not  only from t h e  r e s u l t s  of t h i s  
program b u t  a l s o  from several o t h e r s  which are underway. 
This  s tudy  is t o  produce n o t  t h e  s p e c i f i c a t i o n s ,  b u t  back- 
ground information f o r  t h e  s p e c i f i c a t i o n s .  

c. Design guides  o r  recommendations should be gene ra l  r a t h e r  
The f i n a l  i n i t i a t o r  s p e c i f i c a t i o n  

- 2 -  
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d. 

e. 

f. 

g* 

h. 

It 

Where there is an obvious need for information, iimited 
scope tests can be conducted to clarify the situation. 
If this lack can be filled only by a more extensive program, 
we will recommend such programs. 

Each of the firing systems is to be considered in its 
entirety with regard to the environments. 
Commonality is desired for all manned spacecraft systems. 

It is desirable that EEDs have the same external dimensions 
as the present Apollo Standard Initiator. 
The duration of the missions is an important factor. 

is also to be noted that the study is to cover explosives 

in general, not merely electroexplosive devices. But because by far 
the greater quantity of explosive is in Ems, and also because the 
EEDs have, generally, more sensitive explosive components, most of the 
study will have to do with these devices. 

2.2  Program Plan 

To provide a systematic study plan, the work was divided into 
specific technical groups. 

a. 

b. 

C. 

d. 

e. 

f. 

Duration of Exposures: An estimate of the times, on the 
various type, f o r  which there would be exposures to the 
several hazards. 

Thermal and Barometric 

Electromagnetic radiationenvironments: to include effects 
caused by sun spot activity, the Van Allen Belt and solar 
storms, as well as the frequencies and magnitudes associated 
with specific planets, man made environments and electrical 
noise. 

Other electrical environments and effects: to include 
electrostatic effects, lightning here and on other planets, 
and transients or steady state signals from on-board 
equipment. 

Particle environments: 
size, velocity, and energy of atomic and nuclear particles 
as well as meteorites and micrometeorites. 

to include the density of occurrence, 

Shock and vibration: to include the magnitudes and 
frequencies of vibration, shocks and acceleration factors. 

- 3 -  
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g. Chemical and bioloEical environments: to include 
sterilization procedures, planetary environments, 
bacteria and moisture effects. 

h. Materials: to include explosives and related material, 
such as can be made available for use under the 
environmental conditions in the systems, within limits 
of compatibility with other materials likely to be used. 

- 4 -  
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3 .  RESULTS OF STUDY 

3.1 Duration of Exposure 

It is  r e a d i l y  understood t h a t  t h e  e f f e c t  of any environment 

i s  a func t ion  not  only of the  nature  of t h e  environment but  a l s o  of 

t h e  l eng th  of time over which the  exposure occurs.  Table 1 gives one 

way and round t r i p  t i m e s ,  excluding o r b i t  and landing times and based 

(except as noted) on a consensus from many r e p o r t s .  

TABLE 1 

ESTIMATED TIME I N  EARTH DAYS,MISSION TPANSTT 

Min Max Typical  

Moon( one way) 
(round t r i p )  

Venus (one way) 
(round t r i p )  

2 3 
4.5 7 

146 
- 

312 - 

2.8 
6.5 

15 0 
440 

20 7 25 3 - 
(1) 325 560 - 

Mars (one way) 
(round t r i p )  

Notes: For deep pene t r a t ion  t r i p s  such as Mars o r  Venus, t he  d a t e  
of launch has  a s t rong  bear ing on t o t a l  t r a n s i t  t i m e .  
f i g u r e s  assume the  s e l e c t i o n  of a favorable  da te .  

These 

The t i m e  of a Mars round t r i p  tends toward the  lower f i g u r e  

if i n - f l i g h t  propuls ion is used, and i f  aerodynamic l i f t  i n  t he  Mars 

atmosphere is  used. 

Most of t h e  elapsed time of a mission is  spen t  i n  i n t e r p l a n e t a r y  

space.  The t i m e  spent  i n  t h e  v i c i n i t y  of t he  d e s t i n a t i o n ,  t h a t  i s ,  wi th in  

the  environments a s soc ia t ed  wi th  the  d e s t i n a t i o n ,  depends on s p e c i f i c  

f l i g h t  d e t a i l s .  Based on numerous sources ,  Tables 2,  3, and 4 give  an 

es t imated  breakdown f o r  ambient temperature and p res su re  exposures,  f o r  

t y p i c a l  f l i g h t .  
(1)See numbered re ferences  at end of r e p o r t .  

- 5 -  
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3 .2  Thermal and Barometric Environments 

Basing estimates on the best information available, and 

using all applicable references consulted in this task, we find that 

atmosphere pressures and temperatures vary to extremes. The last 

columns in Tables 2 , 3 ,  and 4 give specific examples. In most cases 

relatively large spreads are indicated, and in the case of Venus, 

there is still considerable controversy regarding actual values. 

The temperature listed for these atmospheres could become 

serious problems for most initiators. The upper limit of over 400°C 
far exceeds the 75°C (165°F) standard most initiators must meet; the 
lower limit of -148"C, likewise, is much beyond the specified -54°C 

(-65°F). 
low pressures, and proper design for most of the conditions listed here 
should be within present technology. The atmosphere of Venus, however, 

may have pressure 60 times as great as the earth atmosphere, and 

initiators are rarely checked for functioning under such large external 
pressure. Such a pressure would be roughly equivalent to that at a 

depth of 2000 feet in the Earth oceans. 
given to these problems, which could become very serious. 

Most initiators are presently designed to function in very 

Additional thought should be 

In empty space there is no heating or cooling by convection 

or conduction. Nevertheless, radiation may have a strong effect upon 

the temperature of the vehicle. 

magnetic Radiation. 

This will be discussed under "Electro- 
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3 . 3  Electromagnetic Radiat ion Environment 

The major source of e lectromagnet ic  r a d i a t i o n  i n  our s o l a r  

system i s  the  sun. The average energy output  i s  remarkably cons tan t ;  

however, it i s  w e l l  known that t r a n s i e n t  dis turbances,such as s o l a r  

f l a r e s ,  release s u b s t a n t i a l  amounts of energy. Observations have shown 

t h a t  t hese  l e v e l s  may be a mi l l i on  t imes greater than the  q u i e t  emission. 

The c h a r t  i n  Figure 1 (adapted f rom Ref. 2 )  r ep resen t s  t he  l a t e s t  d a t a  
-4 7 on maximum s p e c t r a l  i r r a d i a n c e  of t h e  sun from 10 microns t o  10  microns. 

For convenience of a n a l y s i s ,  w e  have divided the  spectrum i n t o  the  

fol lowing bands. 

3 

Opt ica l (1nf rared  t o  U l t r a v i o l e t )  - 1 x lo-' t o  1 x 10 

1. Radio f requencies  - 1 x 10 t o  1 x 10 microns 

2. 

3. X-Rays - less than 1 x microns 

3 microns 

Each of t h e s e  d iv i s ions  is t r e a t e d  i n  a d i f f e r e n t  manner i n  t h e  

Because t h e  band of a l l  wavelengths longer  than 10 8 fol lowing sec t ions .  

microns (100 meters) conta ins  a n e g l i g i b l e  amount of energy, i t  can be 

ignored. 

3 .3 .1  Radio Frequencies ( 1  x lo3 microns t o  1 x 10 microns) 8 

The r a d i o  emission of a l a r g e  s o l a r  f l a r e  i s  on t h e  order  of 

e r g s  (approximately equivalent  t o  2.8 x 1013 watt-hours).  Even 

though a t y p i c a l  f l a r e  may have an area of 1015 square  meters, w e  can 

consider  i t  as a po in t  source  when viewed from t h e  e a r t h  (which is  

1.5 x 10l1 meters from t h e  sun) .  

r ad ia t ed  i n  a s p h e r i c a l  pa t t e rn .  

s p h e r i c a l  s u r f a c e  having a r ad ius  of 1.5 x 10 

t h e  energy dens i ty  on our  p l a n e t  t o  be very small. 

This means t h a t  t he  

With t h i s  energy spread over a 

e r g s  are 

11 meters, w e  would expect 

To avoid t h e  problem of atmosphere absorp t ion  and t o  make the  

va lues  usable  i n  ou te r  space,  t he  c a l c u l a t i o n s  are made f o r  the  top of 

our atmosphere. 

sec-micron. This  can be converted t o  e l e c t r i c a l  power u n i t s ,  s i n c e  
-3 2 1 a i u  = 10 w a t t s / m e t e r  - micron. 

The a s t rophys ica l  u n i t  f o r  s p e c t r a l  i r r a d i a n c e  i s  erg/-cm2- * 

*We w i l l  use  t h e  abbrevia t ion  "aiu" f o r  a s t rophys ica l  i r r a d i a t i o n  u n i t .  

- 10 - 
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The la tes t  estimates i n d i c a t e  a level of a i u  a t  300 

g igacycles  which drops t o  a iu  a t  3 megacycles. If w e  were t o  

make t h e  worst  case assumption of i r r a d i a n c e  of 10 a i u  over t he  

t o t a l  r a d i o  spectrum (300 gigacycles  t o  3 megacycles, or 1 x 10 

microns t o  1 x 10 

d e n s i t y  as fol lows:  

-6 
3 

8 microns) w e  could then compute the  t o t a l  power 

-2  -2 -4 2 
pT = a i u )  x (1 x lo5 microns) = 10 ergs/cm s e c  = 10 w a t t s / m  

This  m e a n s  t h a t  i f  a l l  of t h e  energy i n  the  r a d i o  spectrum 

impinging on an antenna wi th  a n  ape r tu re  of one square  meter could be 

completely t r a n s f e r r e d  t o  a load,  t h e r e  would be only 0 .1  m i l l i w a t t .  

W e  would conclude from these  da t a  t h a t  t h e  r a d i o  spectrum emi t ted  by t h e  

sun  (both s t eady  and b u r s t s )  i s  not hazardous t o  e l ec t roexp los ive  c i r c u i t s  

a t  a d i s t a n c e  from t h e  sun corresponding t o  Ea r th ' s  p o s i t i o n .  

I f  t h e  s p a c e c r a f t  approaches t h e  sun i t  w i l l  i n t e r c e p t  more 

The Eastern T e s t  Range has set  100 w a t t s  p e r  square  m e t e r  as energy. 

t h e  maximum level t h a t  the  vehic le  can be exposed t o  (on t h e  launching 

pad) f o r  s a f e t y  t o  personnel  and ordnance devices  (3).  

one w a t t  p e r  square  meter as a conservat ive maximum t h a t  w e  would t o l e r a t e  

i n  space  and c a l c u l a t e  how c lose  w e  could approach t h e  sun wi thout  

exceeding t h i s  value.  

L e t  us t ake  

p1 x2 
p2 D2 
- = -  

2 1 = X 
11 2. (1.5 x 10  ) 1 

9 x = 1.5 x 10 meters 

where 

P1 = power d e n s i t y  at  t o p  of e a r t h ' s  atmosphere (watts/m 2 ) 

- 12 - 
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e 

2 P2 = 1 w a t t / m  

x = d i s t ance  from 

I) = d i s t a n c e  from 

2 sur face  of sun f o r  1 w a t t / m  (meters) 

sur face  of the  sun t o  e a r t h  (meters) 

The c l o s e s t  p l ane t  t o  the  sun i s  Mercury wi th  a d i s t ance  
10  of 5 . 8  x 10 

ca l cu la t ed  t h a t  w e  would have t o  be  wi th in  1.5 x 10 meters of the  

sun or 56.5 x 10 On a f l i g h t  

from Ear th  t o  Mercury t h e r e  would probably be no reason t o  go t h i s  

f a r  i n s i d e  t h e  o r b i t ;  t h e r e f o r e ,  w e  do not  consider  r ad io  frequency 

energy as a hazard t o  e lec t roexplos ives  used on a v e h i c l e  i n  space 

even f o r  a prolonged per iod  of t i m e .  

3.3.2 Op t i ca l  ( 1  x microns t o  1 x 10 microns) 

m e t e r s .  To pick ~p G ~ E  w a t t  per  square meter w e  
9 

9 meters i n s i d e  the  o r b i t  of Mercury. 

3 

When w e  move from t h e  rad io  spectrum i n t o  the  i n f r a r e d  

v i s u a l - u l t r a v i o l e t  ( o p t i c a l )  spectrum, we no longer  t a l k  about power 

in t e rcep ted  by an antenna but  now r e f e r  t o  the  energy absorp t ion  of t he  

s k i n  of t he  veh ic l e ,  and i t s  e f f e c t  on the  tempera ture  of the  spacec ra f t .  
This  approach appears t o  be w e l l  accepted ( 4 , 5 , 6 , 7 ) .  

The main problem i n  p red ic t ing  the  temperature of a v e h i c l e  

i n  space is knowing the  r a d i a t i v e  p r o p e r t i e s  of t h e  o u t e r  sk in .  

of t he  absence of a i r  around t h e  veh ic l e ,  conduction and convection are 

n e g l i g i b l e ;  t h i s  leaves r a d i a t i o n  as the  s o l e  means of h e a t  t r a n s f e r .  

Because 

In environments where heat t r a n s f e r  t o  o r  from a s u r f a c e  is  

e n t i r e l y  o r  p r imar i ly  through r a d i a t i o n ,  a knowledge of t he  s u r f a c e  

absorptance a and t h e  s u r f a c e  emit tance E i s  necessary f o r  hea t - t r ans fe r  

ca l cu la t ions .  

absorptance t o  emittance CI/E need t o  be known t o  c a l c u l a t e  t h e  temperature 

o r  performance of a system; the  ind iv idua l  va lues  of a and E need no t  be 

used. These are condi t ions  where t h e  i n t e r n a l  h e a t  f l u x e s  t o  o r  from t h e  

s u r f a c e  are e i t h e r  zero o r  smal l  compared wi th  t h e  e x t e r n a l ,  r a d i a n t  

hea t  f l uxes ;  t hese  condi t ions  apply t o  a space v e h i c l e  exposed t o  s u n l i g h t .  

I n  t h i s  case,  a becomes the  t o t a l  d i r e c t i o n a l  absorptance of s o l a r  

r a d i a t i o n  a . 

There are condi t ions,  however, where only the  r a t i o  of 

S 
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Gray surfaces are those for which both the monochroniatic 

absorptance a and the monochromatic emittance 5 are invariant with 
wavelength. For perfectly diffuse surfaces, a = 5 ,  and therefore, 
for gray diffuse surfaces, a = a 

the case for most materials. 

unity because their monochromatic absorptance and emittance decrease with 
increasing wavelenght A. Therefore, a is greater f o r  the relatively 

short wavelength radiation from the Sun than is E for the longer wave- 

length radiation emitted from the much colder surface. Semiconductors 
are similar to metals in that their a / E  is greater than 1. Non- 

conductors have a / E  values less than unity because a 

with increasing wavelength for this class of compounds. 

h 

A 
= 5 = E and = 1.0. This is not A 

Values of a / E  for metals are greater than 
S 

S 

S 
and? increase 

S x 

It would appear that a could not be greater than €without 

violating Kirchhoff's law of radiation which states: 

The monochromatic emissivity ( E )  of a surface at temperature *I 

T, is equal to its monochromatic absorptivity ( a ) "  (8) 

A discussion of this paradox is given in reference 4 .  The 

abstract of the article is given below. 

"In applying Kirchhoff's law to calculate the emission of a 

heated body radiating freely to the outside, one assumes that the emission 
of a body when radiating freely is the same as its emission when enclosed 

in a blackbody cavity. 
the first case than in the second; consequently the emission arising from 

induced radiative transitions must be smaller for a freely radiating body 
than the emission arising from these transitions when the body is enclosed 

in a cavity. Since the emisslons differ, one is apparently led to the 
conclusions that Kirchhoff's law cannot be valid for a freely radiating 

body. It is shown that this conclusion is false: Kirchhoff's law is 
valid as long as the distribution over material states is the equilibrium 

distribution, and is therefore, in this sense, independent of the state 

of radiation field. One must, however, take proper account of the effect 
of induced emission in calculating the absorption coefficient". 

gives the ratio of absorptance to emittance, a / € ,  for several materials 

But the radiation field is everywhere smaller in 

Table 5 
(5) 

- 14 - 
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TABLE 5 

RATIO OF ABSORPTANCE TO EMITTANCE FOR VARIOUS MATERIALS 

Material !dL 
Copper, polished 4.8 
Aluminum, iridized and baked 3 . 6  

Aluminum, shiny 1.5 

Aluminum, iridized 1.2 

Solar cells, silicon, glass coated 1.1 
Black wrinkle finish 1.1 
Black paint 1.0 
Rokide A 0.3 

Equilibrium temperature of a body suspended in free space 
is given by(6) Equation 1 

where : 
T = temperature of irradiated surface in OK 

C = solar constant, 0.135 watts/cm 
E = total emittance of irradiated surface 

2 (*I 

a = total directional absorptance to solar radiation 

cm2 O K 4  

S 
-12 w 

(5 = Stefan-Boltzmann constant, 5.673 x 10 

*The solar constant, (16) or the total energy at all wavelengths received 
from the sun at the top of the earth's atmosphere, amounts to 1.94 calories 
per square centimeter per minute (0.135 watts per square centimeter). 
is represented by the total area under the curve of the solar spectrum. 
Ninety-eight percent of this total energy lies within the part of the 
spectrum we are considering; therefore, 0.135 watts per square centimeter 
is a reasonable value to use. 

It 

- 15 - 
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EXAMPLES 

1 

Case I. If the vehicle skin is copper, for which a / €  = 4.8, then 

- 1/4 
! 

(4.8) I 
0.135 T =  

-4(5.673 x - 

T = 411°K or 138°C 

Case 11. If the vehicle skin is aluminum, for which a / €  = 1.2, then 

114 - 
T = /  0.135 

-12) 14(5.674 x 10 

T = 290 OK or 17 O C  

From these results it can be seen that the choice of skin material is 

important. 

would reduce the equilibrium temperature even more. It is interesting 
that, the values in Table 5 substituted in Equation lwere used to predict 
the temperatures in the TIROS weather satellite and the calculated values 

agreed with the measured values 

Spraying the surface with a nonconductor, for which a / €  < 1, 

(5) 

Several sources of data are available to indicate that the 
preceding method is valid. One such source of data is the excellent 

“Problems and Research Effort in Space Environment Effects”, by 
Gerhard B .  Heller, paper #36 in Reference 9,which contains the chart 
shown in Figure 2. 

4.8 and 1.2, which we used in Equation 1 to calculate equilibrium 
temperature. Very close agreement is obtained. 

The dotted lines represent the two values of a / E ,  
S 
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FIG. 3 TEMPERATURE Of VARIOUS SHAED 
BODIES IN SPACE 

Another chart (lo) showing temperature equilibrium is given 

in Figure 3.  

the shape of the free body influences the final temperature. The smaller 

the area that is perpendicular to the incident rays of the Sun, the less 

the energy absorbed. A sphere is the best (coolest) shape. Because 
a spacecraft will not be spherical its shape must be taken into account. 

An interesting point that this chart illustrates is that 

We are here concerned with the effect of this heating on 

explosives, whether they be in the explosive device or as a propellant. 

Let us take a look at Mariner IV,which has successfully travelled from 

Earth to within 7000 miles of Mars,and see how the temperature was 
controlled. For this vehicle active as well as passive temperature 

control was used. 

bimetal elements are used to change the type of surface exposed to the 

sun. 
can be achieved without a great deal of difficulty. 

* * 
Movable louvers actuated by temperature sensitive 

From the data we have it appears that temperatures below 3S0C 

*Passive control refers to a fixed condition, such as coating the 
spacecraft with a material that has a low a s / €  ratio, to maintain a stable 
low temperature. 
balance as required, such as by changing the a / E  ratio or by turning 
on a heating element. 

Active control means a system that can vary the heat 

S 
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Paper #54 of Reference 9 ,  "Effect of Absorptance - Emittance 
Ratio on the Stmage of Cryogenic Propellants in Space", delas with the 

possibility of carrying liquid hydrogen or liquid oxygen on long flights. 

To prevent vaporization these must be kept at temperature of about -25OOC. 

A combination of surface temperature control and heat transfer control 
(insulation) is used to prevent temperature rise at the tanks. Considering 

the wealth of information that we have on the heating effect of solar radiation, 

we would conclude that it need not be a hazard to explosive components. 
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3 . 3 . 3  X-Rays (less than 1 x microns) 

The remaining portion of the solar radiation spectrum for 
consideration is the x-ray region. We may ignore the non-solar 

radiation since all measurements made so far indicate that the 
intensity of x-rays originating outside our solar system are many 

magnitudes below that emanating from rhe sun. 

The bulk of the steady radiated energy in the solar spectrum 
lies between the wavelengths of 0.3 and 4 microns, with approximately 1% 

of the energy lying beyond each of these limits Solar flares, 

however, can be a problem. In the x-ray spectrum (0.1 A - 100 A or 

(11 1 
0 0 

2 
to 10- microns), flares may cause the incident radiation intensity 

in outer space to increase four orders of magnitude over background 
intensity levels(12). Fortunately, the x-ray output of flares lasts 
only for minutes or fractions thereof. 
the peak values of flux intensity as shown by Figure 4 and will always 
assume complete absorption. 

In our analysis we will consider 

The order of magnitude of the activation energy or free energy 
change associated with many reactions is in the vicinity of lo5 cal/mole, 
or 1.6 x 1O-l’ cal/molecule, or 4 eVlmolecule. 

of 4 eV corresponds to a wavelength of about 3000 A,irradiation of wave- 
lengths shorter thanthat will produce reactions C131 , 

Since a photon energy 
0 

Although we have never heard of x-rays damaging explosives, 

and very little information of EED sensitivity to x-rays is available 
in the literature, yet it is conceivable that x-rays may degrade EEDs 
or even cause pre-ignition; therefore consideration of this hazard in 

outer space (vacuum) is warranted. But x-rays are known to damage 

semiconductors; and if we make the safe assumption that explosives are 

less sensitive, we can use semiconductors as our reference. 
are not affected, then we can assume that an EED would likewise be 

unaffected. Semiconductor materials, such as silicon or germanium, 

* 

If they 

*We will discuss electroexplosive devices (EEDs) since they usually 
contain the most sensitive explosive material; however, data can 
apply to any explosive material. 
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are among the most sensitive t o  damage resulting from bombardment 

by high-energy particles, x-rays and gamma rays and would, therefore, 

appear to be excellent for the purpose. We chose silicon transistors 
for experimental use, because they are less resistant to radiation 

than germanium transistors. 

Typically, the forming of an interstitial-vacancy defect 

pair in silicon requires imparting a threshold energy from 15 to 30 eV 
to the recoiling atom. 
incident particle, which is approximately 150 keV for electrons . 

This in turn implies a minimum energy f o r  the 
(14) 

Ordinarily one thinks of radiation being measured in 
roentgens; however, this is not correct terminology when absorption 

is being considered(15). 
the exposure dose measured in roentgens and the absorbed dose measured 

in rads. The exposure dose is measured in terms of the ability of the 

radiation to produce ionization in a given amount of air. The absorbed 
dose is measured in terms of the energy that the incident radiation can 

impart to the absorbing material. 
material rather than air, the rad is the unit of interest. 

A clear distinction should be made between 

Since we are interested in solid 

One rad is defined as 100 ergs/g; however, three conditions must 

be specified when using this unit: 

1. type of radiation 
2. 

3 .  

type of material being irradiated 
amount of material being irradiated 

Without these three factors the data would be meaningless since the same 

dose at a different wavelength could produce different results. 

When discussing radiation damage to semi-conductors, it is 

common to use carbon as the reference material. 

followed in this report. 

This practice will be 

Damage thresholds for semiconductor devices, depending on their J 
5 7 sensitivity, fall within 10 to 10 ergs/gram of carbon (1000 to 100,000 rads). J 
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5 We will assume 10 
component parts and materials have their thresholds a little less 
than 10 ergs/gram of carbon, indicating that degradation other than 

that caused by radiation damage should be of chief concern 

ergs/gram of carbon as the damage level. Cther 

9 
(16) - 

0 

Exposures in vacuum to x-rays of about 0.38 A, carried out on 
forsterite (Alsimag-2431, alumina, and steatite showed little changes 

even in surface electrical properties. Be0 also showed little change 
electrically, but changed color from white to dark gray. 

be significant where emissivity is important. Investigators of the 
effects of x-ray radiation often find that apparent changes in resistivity, 

dissipation factor, and dielectric constant of inorganic insulators are 
within the range of instrument error 

Such a change could 

(17)  . 
Data of space x-ray radiation from solar flares indicate that 

a maximum flux intensity of 0.9 ergs/cm2 sec occurs between 8 i and 
20 A 

irradiated at 0.9 ergs/cm ysec from 0.1Ato 100 A for 4 minutes this 
transistor would approach its damage threshold. Two factors must be 

noted. The first is this high flux intensity is not distributed generally 

from 0.1 A to 100 A , but only from 8 A to 20 A. Also, it is not always 

present in space but may appear occasionally for only a few seconds. 

This makes our assumed flux to be at least 100 times greater than the 
practical hazard. 

3 . If we assume that a transistor is 1 mm or larger, and was O (18) 

2 0 0 

0 0 0 0 

The second is shielding, which has yet to be considered. 

If we assume that the vehicle has a metal skin, the explosive 

device will have some shielding. Also, the explosive is probably enclosed 
in a metal case, offering additional shielding. It can be shown, however, 
that at some particular wavelength or small wavelength band, metals may 

offer little or no attenuation to x-rays. Fortunately, the wavelengths 
where negligible attenuation occursarebelow 1 A , where the flux 
intensity is relatively small (less than 2 x ergs/cm sec). Aluminum 
offers less resistance to x-rays than copper, iron, or lead. We will, 
therefore assume in our analysis that aluminum is the shielding material. 

A 1/16 inch aluminum sheet offers attenuation by a factor of greater 
than 10 

' 0  

2 

2 to x-rays at 1 i and at 12 i. At longer wavelengths x-ray 
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attenuation is no problem. 

exponential attenuation formula: 
These calculations are based on the 

-ux I = I e  
0 

where 
= incident f l u x  intensity 

I = transmitted flux intensity 
u = absorption coefficient 
x = absorber thickness 

IO 

Considering flux intensity and 1/16 inch aluminum shielding, 
our EED will still be safe after 5 years of continuous irradiation at 
the levels shown in Figure 4 .  Again, we stress that these flux levels 

are the recorded maximums in outer space, and under normal conditions 
we may expect an EED to be safe even after 100 years of exposure. 

In sumary, the following assumptions, which maximize worst 
conditions, were used in our analysis of effects of x-rays. 

1. Maximum flux intensity from known solar flares is taken 

to be the constant intensity level of space. 

2. Continuous maximum irradiation (normal to the device) and 
total absorption are assumed. 

3.  1/16 inch aluminum, with less x-ray attenuation than 
copper, iron, or lead, is used as the shielding metal. 

4 .  Attenuation by the case of an initiator is neglected. 

5. The explosive is taken to be as sensitive to x-radiation 

as silicon transistors; but the transistors are known to be much more 

readily affected than any explosive now used in missile work. 

Even with all these worst-case assumptions, it was found 
that continuous irradiation for 5 years is needed before an initiator becomes 

noticeably damaged. 

to initiators. 

This indicates that x-rays are not a problem in space 
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3.4 Other Electrical Environments and Effects 

There are numerous electrical phenomena that must be considered, 

other than electromagnetic radiation of an oscillatory nature (radio, 
light, x-ray) discussed in the previous section. These others include 
induction by motion in a magnetic field; static discharge; thermocouple 

effects; motion relative to charged particles (electrons, protons from 

nuclear radiation, solar flares, or other sources; and lightning discharges. 

3.4.1 Conductor Motion in a Magnetic Field 

The voltage induced in a conductor moving in a uniform magnetic 
-8 field is given by V = BvR x 10 where 

V is the potential, volts 
B is the flux, gauss 
v is the component of velocity, cm/sec, perpendicular to the 
direction of flux 

2 is the conductor length, cm 

Velocities that can be expected in a Venus expedition can be as high 
as 50,738 feet per second and Mars expeditions will have velocities 
around 43,189 ft/sec. These velocities, the greatest in the missions 
under consideration, will occur near the earth and upon re-entry to the 
earth. Because there is no readily ascertainable basis for doing otherwise, 
we shall make the worst-case assumption that the motion is perpendicular 
t o  the flux. 

(20) at The magnetic field in interplanetary space is estimated 

5 to 10 gamma ( 1 gamma = 

is not expected that fields would exceed 100 gamma in the regions where 
these velocities could be maintained. In fact, it is more likely to be 

on the order of that found in free space; the earth's field contributes 
little at distances greater than a few hundred kilometers. 

gauss). Upon approach to the earth it 

Assuming, however, that a field of 100 gamma could exist, 
the potential induced would be on the order of 1.52 x x R volts. 

A maximum value of R would be on the order of 10 feet or 304 cm. This 

yields a potential of 4.62 x 

initiators, which has a bridge resistance of one ohm, the current would 
volts. With the Apollo standard 
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be on the order of 4 milliamperes. This current would be sustained 
for a relatively short time and is not, by itself, considered troublesome. 

We have learned in our investigation that measurements made 

of the magnetic fields in the vicinity of the planets Mars and Venus 
indicate that none of them appear to have a magnetic field of significant 

magnitude compared to that of the earth. 

Data from Explorer VI('')gave a picture of the magnetic nature 

of earth's surroundings using magnetic search coil in the spin-stabilized 
vehicle. The nature of this coil was such as to give an indication of 

the component of the magnetic field perpendicular to the spin-axis of the 

vehicle. The expected magnetic field computed prior to flight of Explorer VI 

was not always in close agreement with the measured values. The differences 

could be explained by a toroidal circulating current, at 5 to 7 earth radii. 
Other measurements show that such a current, with a density of about 10 
amperes/square meter, exists at that distance. 

-8 

The boundary between the geomagnetic field and the interplanetary 
gas is taken to be neutral hydrogen plasma with a high degree of ionization. 
The temperature is lo3 to 10 
1OI2 to 

Measurements of the plasma show fields of less than 5000 gamma (1 gamma 
= 10 These findings are of interest only as showing that the 

magnetic fields are small enough to be considered safe; they would not 
induce a dangerous amount of energy. The period of change of the field as 
a result of magnetic storms varies from a hundred seconds to several days, 

m d  these changes are on the order of 10 

5 degrees Kelvin, the electrical conductivity 
3 esu (copper is 5 x esu); hydrogen ion density is 500/cm . 

-5 gauss). 

-3 gauss. 

The voltage induced as the result of an external magnetic field 

in a circuit aboard a spacecraft will be propor.tiona1 to the rate of change 

of the magnetic field. 
time would be of particular interest in this analysis. 

now available indicates slow rates of change and weak fields, it is of 
course impossible to state with certainty that there are no conditions of 

field concentration in which a very fast-moving vehicle might pick up a 

For this reason fields changing in either space or 

While the information 
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hazardous amount of energy. We do feel, however, that a hazard 

is very unlikely. 

(22) Venus is reported to have no magnetic field of its own. 

Similar findings, not yet confirmed, are reported for the planet Mars 

as a result of measurements aboard the recent Mariner IV flight. 

The magnetic effects- flight to Earth's Moon to Mars, and 

to Venus will have no appreciable influence on electroexplosive devices 
or on the explosives themselves. It is highly unlikely that any modification 

to this statement will be needed, unless measurements and calculations 

are inadequate or in error by an order of magnitude or more. 

3 . 4 . 2  Static Discharge 

Accumulation of Static Charpe 

Electrostatic charge accumulation and discharge is a real 

danger. It is known that some sensitive explosive devices are highly 
sensitive to static. Static charge accumulation may behave in two 
ways. 

Under suitable circumstances the charge resulting from the 

static accumulation may produce a relatively steady current in the 

form of corona. The magnitude of such a current is normally less then 
a few milliamperes, and in general, this current will be relatively 

harmless to an EED if it passes through the bridgewire. 

a current continue for an extended period, however, the possibility 

of cook-off of the EED explosive or degrading of the EED performance 
must be considered. 

that is relatively insensitive to such effects, when the bridgewire 

cannot be kept out of the discharge path. 

Should such 

It would be wise to choose one of the explosives 

On the other hand, the electrostatic charge can built up and 

then be released in a sudden surge of current or spark. 

finds a path internal to the initiator, particularly if a discharge occurs 
between the pins and the case of an EED through the explosive, it might 
fire the initiator. 

If such current 
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Studies indicate that a cloud of ice crystals in the 

lower atmosphere of earth is one source of electrostatic charge that 

may occur in space travel. 

There are numerous examples of the sources and magnitudes 

of electrostatic charge buildup which may be useful. 
measurements on conventional aircraft operating in the earth's 
atmosphere show potentials of 200 volts to be common although these 
potentials are often quickly dissipated by corona currents. In the 
upper atmosphere of this earth, charging currents produced by meteoric 
dust impinging on space probes have been observed to be in the range of 
60 to 600 picoamperes. 
removed by leakage. In addition, charging currents from the effects 
of rocket motor exhaust have been measured at more than 150 microamperes 

for a 5-inch solid fuel rocket motor, but the total net charge has been 

difficult to determine because of charge leakage. Some charge can also 
be developed by particle impact; see Section 3.5.6. 

For example, 

Once again such charges are usually quickly 

Explosive Response to Static Discharge 

From our study of pertinent literature we find that an 

accumulation of static charge on spacecraft could produce potentials 
of several hundred kilovolts on the spacecraft particularly if charging 

occurs within the earth's atmosphere. Potentials of this magnitude must 

certainly be considered as hazardous to explosive devices, and with this 

in mind we reviewed some of the literature on explosive sensitivity to 

sparks and electrostatic discharge. 

It is the consensus of researchers in this field that three 
factors are important with respect to the sensitivity of explosives to 

electrical discharges: (1) the minimum spark energy required for ignition, 

(2) the electrical properties of the materials, and (3 )  the environment of 
the material. 

fire explosives, it was soon discovered that the sensitivities determined 

by a number of experimenters varied greatly. 
due to the fact that there w a s  great variation in the methods of determining 
sensitivities. 

In attempting to find the minimum energy required to 

This variation was partly 
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included d a t a  

on a number of common explos ive  ma te r i a l s ,  which are summarized i n  

F igure  4. The d a t a  w e r e  obtained by d ischarg ing  va r ious  c a p a c i t o r s  

charged t o  500 v o l t s  through the test material by means of a poin ted  

e l e c t r o d e .  

The test material w a s  placed on a metal p l a t e  and the  pointed e l e c t r o d e  

w a s  lowered u n t i l  d i scharge  occurred. 

(23) One of t h e  b e s t  sources  of information 

The c i r c u i t  used w a s  similar t o  t h e  one shown i n  F igure  6 .  

Other s t u d i e s  have been made, wi th  a r e s i s t a n c e  added i n  

series wi th  t h e  capac i to r  and gap. 

w a s  p laced w i t h i n  t h e  gap, which was usua l ly  a pointed e l e c t r o d e  over a 

f l a t  m e t a l  p l a t e ,  as descr ibed earlier. 
va r ious  experimenters i n  t h i s  a reas  are given i n  Table 6 .  ( 2 4 )  

noteworthy i n  t h i s  t a b l e  as w e l l  a s  i n  t h e  t e x t  of t h e  re ferenced  r e p o r t  

is  t h e  e f f e c t  of adding series r e s i s t a n c e  t o  t h e  f i r i n g  c i r c u i t .  

mercury fulminate ,  no te  t h a t  as the series resistance i s  added t h e  energy 

requi red  on t h e  f i r i n g  c a p a c i t o r  decreases. 

t h i s  i s  t h e  r u l e  r a t h e r  than  t h e  except ion f o r  most explos ive  materials 

t e s t e d  i n  t h i s  fash ion ,  an except ion being lead  s typhnate ,  which r e q u i r e s  

t h e  least energy wi th  no series r e s i s t ance .  

developed r e l a t i n g  series r e s i s t a n c e ,  capac i ty  and minimum energy. 

It states t h a t  t h e  smaller t h e  capaci ty ,  t h e  lower t h e  minimum energy 

and t h e  g r e a t e r  t h e  optimum series r e s i s t a n c e .  

quirements f o r  i g n i t i o n  of an explos ive  material are changed by several 

o r d e r s  of magnitude i n  some ins t ances  by t h e  resistance i n  series wi th  

a c i r c u i t .  

United Kingdom, (1943) showed a reduct ion  i n  t h e  i g n i t i o n  energy of 

mercury fu lmina te  from 0.5 j o u l e  without any series r e s i s t a n c e  t o  0.00375 

j o u l e s  wi th  a series r e s i s t a n c e  of from 250,000 t o  750,000 ohms. 

A sample of t h e  material under s tudy 

Some of t he  va lues  repor ted  from 

P a r t i c u l a r l y  

For 

It has  been observed t h a t  

A genera l  r u l e  has  been 

The minimum energy re- 

M r .  A.R. Boyle i n  his  t h e s i s  a t  t h e  Univers i ty  of Birmingham, 

This  information p e r t a i n s  t o  c i r c u i t s  conta in ing  e l e c t r o -  

explos ive  devices  as w e l l  as t o  explos ive ly  loaded components, and i s  

a p p l i c a b l e  i n  t h e  pin-to-case t e s t i n g  of e l ec t roexp los ive  devices ,  o r  i n  

t h e  br idgewire  t o  br idgewire  t e s t i n g  of t h e s e  devices  f o r  s t a t i c  s a f e t y .  

It has  been previous ly  pointed out t h a t  t h e  human c i r c u i t  i s  n o t  t h e  only 

m e a n s  by which s t a t i c  energy can be d e l i v e r e d  t o  explos ive  devices  
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CHARGING 
RESISTOR 

SERIES 
RES ISTOR 

SPARK GAP 7 POINTED ELECTRODE & POWER 1 SOURCE ~ CAPACITOR T SAMPLE HOLDER 
ELECT R 0 DE 

FIG. 6. FREQUENTLY USZD CIRCUIT TO DETERMINE 

MINIIUUM ENERGY FOR €XPLOSlVES 

Table 6 

MINIMUM ENERGIES FOR I G N I T I O N  OF VARIOUS EXPLOSIVE MATERIALS 

Material Comments on PreDaration o r  T e s t i n q  

Copper Acety l ide  

Lead Styphnate Basic Prepara t ion  (chemically) 

Normal; Energy measurement depends 
upon experimenter 

Prepared i n  humidity 
less than  0.1% 

Prepared i n  humidity 
less than  1.8% 

Graphi te  added i n  amount of 1% 

Lead Azide C r y s t a l l i n e  

Dextr i n a t  e d  

Lead Din i t ro-  
r e s o r c i n a t e  

Mercury Fulminate 
Unconfined 
Confined 
S e r i e s  Resis tance of 5,000 ohms 
S e r i e s  Res is tance  of 250,000 t o  

750,000 ohms 

Minimum Energy on F i r i n g  
Capaci tor  (Ergs) 

20  

30 

140 t o  9000 

3.8 

112.5 

0.6 

400 t o  18,000 

70,000 t o  280,000 

500 

800 , 000 
200,000 t o  250,000 

86 , 000 

37 , 500 
100,000 t o  280,000 T e  t r ac ene 
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contained in the space vehicle, and this is quite true. This information 

points out that it may be misleading to determine ignition energy under 

one condition of circuit constants for static safety and then to apply 

these across the board for all values of capacitance, resistance and 

voltage. This is brought out in Figure 7. 

In looking at the values of resistance for which energy 

requirements are relatively low, it appears that some are near the 

leakage values of certain components. 
differs not greatly from that of a contaminated insulator; and by the 

rules set down previously, this might be just the ralue of series 
resistance for firing from a small capacitor with minimum applied energy. 

A resistance of 750,000 ohms 

m 
0 
3 
0 

- 
.- - 
a 
k 
a n a 

0 

V 

0 

W 
t9 
U 
a e 
u) 

z 
0 
* 
0 

W z w 

a 

I 

SERIES RESISTANCE (ohms) 

FIG 7 R€SPONS€ OF TYP/CAL EXPLOS/V€ MAT€R/AL TO SPARK GAP WITH S€R/€S RZSISTANCE 

Caution must be observed in the application of information on static 

electricity to initiator circuits. At this time there is inadequate 
and incomplete information for any real assessment of the static hazard. 
More theoretical and experimental work is needed. 

3 . 4 . 3  Thermocouple Effects 

Dissimilar metal or semiconductor junctions are relatively 
common in most modern structures. Such junctions form a thermocouple 

and if the junction is then heated or cooled a potential can be produced. 

Prel iminary consideration of this effect with respect to spacecraft leads 
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to the conclusion that potentials and currents will be small. The 
largest current to be expected is of the order of a few milliamperes. 

These levels are probably too low to be of any serious concern to EED's 
of the type to be used in spacecraft with the one somewhat remote 

exception of the case where the current is fed directly to the bridgewire 

and is continued for an extended period of time. This once again raises 
the possibility of cook-off or degradation of the explosives. 

3 . 4 . 4  Ionizing Radiation 

Ionizing radiation from whatever source - solar flares, 
Van Allen Belt, internal nuclear apparatus, or other - may have indirect 
electrical effects on components of the initiator or the initiator circuit. 
Usually these effects are small, and except in unusual circuit applications, 

where resistance and frequency are critical, may be neglected. 
vation has been noted of a 20% change in the magnetic saturation flux 

density of Permalloy, that looks as if it could be troublesome to firing 

circuits that employ transformers, relays, or filtering devices using 

this or other similar magnetic materials. Changes 
shape of the hysteresis loop, the loop becoming thinner with indications 

of less loss per cycle. 
centimeter to bring about these changes. 

An obser- 

also occurred in the 

Exposure density was lolo particles per square 

Other radiation effects on initiator circuit performance 
include conductivity of insulators and conductors. 

to be small for the radiation levels thought to exist. Little seems to 

be known, in this area, and experimental evaluation of radiation effects 
is even more limited. 

These effects appear 

This subject is treated at greater length in Section 3.5, 

Particle Environments in Space." I 1  
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3 . 4 . 5  Lightning 

Exterior Effects 

Because of the tremendous transient currents produced, lightning 

discharges must be considered as a potential hazard to explosive devices. 
There is no universal agreement as to the electrical properties of 
lightning discharges, but a few general statements can be made. Cloud- 

to ground discharges are apparently less intense on the average than 

cloud-to-cloud discharges. Cloud-to-ground discharges can be characterized 
as having average currents on the order of 20 to 50 kiloamperes with 

maximum values approaching 150 kiloamperes. 
could approach 16 coulombs. 

average and maximum ampere ratings but the total charge can approach 
200 coulombs. 

that lightning discharges in the vicinity of spacecraft must be considered 
as a potential hazard to explosives. 

The total charge available 
Cloud-to-cloud discharges have similar 

With such enormous energies available it is apparent 

A considerable amount of data has been accumulated on the 

effects of lightning on conventional aircraft. 

struck by lightning is one strike per 2500 miles for propeller driven 

aircraft, one strike per 3800 miles for jet-propeller driven aircraft 
and one strike per 10,400 hours for jet aircraft. 
for jet aircraft is due in part to the high altitudes flown by such 
aircraft where there are only relatively infrequent lightning discharges. 

In fact the main lightning discharge problem occurs below 24 ,000  feet on 
earth. Lightning on other planets has not yet been studied. 

The frequency of being 

The low incidence 

Direct strikes on conventional aircraft have resulted in damage 

ranging from very light to extensive, depending upon the nature of the 

target. 

pure plastic structures,or across poor bonds. In short, the trouble 

occurs whenever the target material has a reasonably large resistance. 

Natural lightning strikes have caused holes up to 4 inches in diameter 
on aircraft skins. 

Usually troubles occur in the metal skins, in the metal-plastic or 

It would seem that even with a direct lightning strike explosives 
with a thick low-resistance casing would be reasonably safe insofar as the 
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initiator itself is concerned. 

used, such as is used on some of the lead and plastic enclosed linear 

charges, intermediate explosive such as PETN and RDX could probably 
be detonated. 

If thin-walled charge containers are 

A direct strike on the electrical leads or associated circuits 

of an electrically initiated explosive component could be disastrous. 
Usual electrical shielding methods would be of little help in defeating 

the currents that result from a direct strike. 

The electrical fields produced by a near miss create a problem 

similar to the RJ? hazard, and the types of circuits required to minimize 
the RF hazard will minimize pickup from a near miss field also. 

fields from the lightning discharge are transient, although of much greater 
initial intensity. 

The 

With regard to launchings from Earth, the choice of the exact 

time is somewhat flexible, and because high altitudes are reached rapidly 
it would seem that the best defense against lightning is to provide 
adequate protection while on the ground and not to launch during a 

thunderstorm. 

course, is much less flexible, and thunderstorms might prove unavoidable 
on occasion. 

The choice of time and place for the return to earth, of 

Interior Effects 

The effects of lightning discharges on the internal portions 

of simulated rockets and spacecraft structures has been under study by 

the Lightning and Transients Research Institute . The work of this 

group included experiments on a cylindrical vessel of aluminum with a 

wall thickness of 90 mils. 
discharge of a generator capable of delivering current surges up to about 
100,000 amperes. 
that consisted of a straight grounded conductor parallel to the cylindrical 
axis of the vessel or by a direct discharge through the cylinder from the 
top surface. Fields inside of the cylindrical vessel were checked with a 
loop 10 cm in diameter connected to a Tektronix 321 oscilloscope. 

(25) 

This vessel was subject to energy from the 

Surges were delivered either through a sending probe 
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An analysis indicates that fields inside the cylinder are 
the result of either a conductive voltage drop on the inside of the 

wall or a combination of the mutual inductance between the wall and 

some center conductor, and the self-inductance of the wall. If the 

wall and the conductor are coaxial, the voltage appearing between the 
bottom of the center conductor and the wall is given by (L-m)(di/dt)+iR. 

where 

L = inductance of the shield in henrys 
M = mutual inductance between inner conductor and shield in henrys 

i = current flowing in the shield in amperes 
R = resistance in the shield in ohms 

t = time in seconds 

In this ideal case L = M because of perfect mutual coupling between the 
cylinder and the conductor. It was demonstrated that in the practical 
case there are discontinuities in the wall due to joints, holes and 

access ports that cause L and Mto be unequal. 

Practical experiments were run to show that there were indeed 

fields within the cylinder. With a top cover bolted onto the cylinder 

and with a butt joint between the two halves of the cylinder, a number 
of measurements were made with the instrumentation described earlier. 

Passing a current of 70,000 amperes through sending probe or through the 

cylinder itself resulted in the delivery of a voltage pulse inside the 

cylinder that showed ringing, decaying exponentially with time. Maximum 

voltages of 100 millivolts appeared on the loop, at the point where the 
cover was joined to the wall of the cylinder. This was true whether the 
current was applied through the sending probe or through the wall of the 

cylinder. 

the contact of the joint between the cylinder wall and the cover. 
Tighter bolting resulted in a substantial reduction of the signal and 

"Heli-arc" welding of the top reduced the signal by orders of magnitude. 

Near the bottom of the welded tank, the loop signals were on the order 
of 260 millivolts. 

The amplitude of this signal could be reduced by improving 

The bottom of the tank was open in this case. 
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Increasing the distance between the sending probe and the tank 

resulted in a drop in induced voltage, according to a distance 
function somewhere between linear and square law. 

Penetration of energy near a 2-inch diameter hole in the wall 

of the cylinder resd-ted i r r  a maximum induced voltage of about 100 
millivolts. 

All of these investigations on the penetration of energy 

through the wall are interesting but they do not demonstrate whether 
explosive devices are safe within the confines of space vehicles and 

rocket cases. 

and because the loop itself probably has a very low impedance, the 
potentials indicated are probably the open-circuit potentials of the loop. 
The power delivered to a one-ohm load resistor would be no greater than 

about 90 milliwatts, and would be a few milliseconds in duration at the 
most. Under these conditions there is little need to be concerned for  

the safety of electroexplosive devices or for other cased charges. 
However, larger pick-up loops or larger openings in the wall could prove 

hazardous. 
near joints in the surface. This could well present a problem if the 

lead wires of circuits containing EEDs were attached to the inside wall 
of the cylinder. 

With the loop size used and with the instruments described, 

There was sparking observed on the inside wall of the cylinder 

The reference cited (25) also discussed problems concerning 
Here the theoretical the effects of lightning discharges on cables. 

situation is the same as that discussed for the cylinder. 

modes of delivering energy into a coaxial cable, that of the current- 
resistance product that causes a potential drop on the inside of the 
cable and that of mutual inductance of the center conductor to the 

shield and the inductance of the shield itself. The action of the shield 

in the presence of a lightning discharge is illustrated in Figure 8 .  

The resistance of the shield combined with the passage of current through 
it results in a potential difference within the shielded portion of the 
circuit. Though the resistance of the shield is small, the discharge 

currents are of great magnitude and could produce potentials that are 

There are two 
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high. This was illustrated by firing an exploding bridgewire (EBW) 
"squib" in the center of a 100-foot length of RG-8/U cable. 
of 100,000 amperes was passed through the shield and both erids of the 
cable were shorted. Then, with the ends of the cable open, another 

attempt was made to fire an EBW device, but without success. 

A current 

Entrance of the energy into cables can be a problem in that 
the shield can be damaged by very high currents from say, a lightning 
stroke. Currents in the shield could cause loss of sensitivity even 
with safe conditions existing otherwise. 

High magnitude pressures are also generated by near strikes, 

but these are generally not large enough to initiate either primary 
or high explosives. 
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3.5 P a r t i c l e  Envi roments  i n  Space 

Future  exp lo ra t ions  t o  Venus, Mars, t h e  a s t e r o i d s ,  etc. w i l l  r e q u i r e  

t h e  space  v e h i c l e  t o  endure t h e  environments t o  be  encountered t h e r e  f o r  t i m e s  

as long as 18 months o r  more. 

e a r t h  o r b i t i n g  may be expected t o  take on new s ign i f i cance .  Of those  environ- 

ments comprising p a r t i c l e  m a t t e r  ranging i n  s i z e  from t h a t  of t h e  e l e c t r o n  

t o  t h e  bou lde r l ike  a s t e r o i d ,  t h e  g r e a t e s t  p o t e n t i a l  hazard arises from proton 

and e l e c t r o n  bombardment produced by s o l a r  f l a r e s ,  and from m e t e o r i t i c  

c o l l i s i o n s .  

e l ec t roexp los ive  systems follows. 

Hence, f a c t o r s  of minimal consequence i n  low 

A review of t h e s e  environments and t h e i r  e f f e c t  upon space v e h i c l e  

3.5.1 Proton-Electron Flux 

The p o t e n t i a l  danger from s o l a r  p a r t i c u l a t e  r a d i a t i o n  i s  b e s t  es t imated 

by assuming t h e  s o l a r  f l a r e  t o  be t y p i c a l  of t h e  worst  case. During t h e s e  

occurrences it is n o t  unusual f o r  the  ambient r a d i a t i o n  l e v e l  t o  b e  increased  

by f i v e  o r  more o rde r s  of magnitude. Data i n d i c a t i n g  t h e  i n t e n s i t y  of s o l a r  

f l a r e  a c t i v i t y  i s  given i n  Table 7. 
found i n  t h e  Van Al len  b e l t  are a l s o  given. 

a 
C h a r a c t e r i s t i c s  of protons and e l e c t r o n s  

Prel iminary design cons idera t ions  t o  be drawn from t h e s e  d a t a  are 

t h a t  a nominal p ro ton /e l ec t ron  f l u x  on t h e  order  of 10 par t ic les /cm2 could 

b e  reasonably assumed. 

average energy and may b e  assumed t o  exist anywhere w i t h i n  15  e a r t h  r a d i i  of 

t h e  ea r th .  

8 

This  f l u x  w i l l  comprise p a r t i c l e s  of about 40 Mev 

The degree o r  range t o  which an e l e c t r o n  o r  pro ton  w i l l  p e n e t r a t e  

matter i s  o r d i n a r i l y  given i n  terms of m a s s  pe r  u n i t  square.  

s u r f a c e  area a l a r g e r  m a s s ,  hence 

e l e c t r o n s  and pro tons  of g r e a t e r  energy. 

For any a r b i t r a r y  

increased  t h i c k n e s s , i s  r equ i r ed  t o  s t o p  

A t y p i c a l  p l o t  of t h i s  r e l a t i o n s h i p  f o r  e l e c t r o n s  i n  aluminum, s i l i c o n  

and s i l i c o n  d ioxide  i s  shown i n  Figure 9 .  

be  represented  by l i n e s  p a r a l l e l  t o  t h e  l i n e  i n  t h e  f i g u r e .  

Ranges f o r  o t h e r  materials would 

I ~a On t h e  b a s i s  
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4- L.Katz 8 A.S. Penfold, - Reviews of Modern Physics 24:28 (1952) 
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I 1 
Adapted from data by 
L.Katz 8 A.S. Penfold, 
Reviews of Modern Physics 24: 28 (1952) 
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of t h e s e  da ta ,  a 10-mil th ickness  of aluminum f o i l  w i l l  s t o p  Van Allen 

e l ec t rons .  

dur ing  an  i n t e n s e  s o l a r  f l a r e ,  400 m i l s  of aluminum s h i e l d i n g  would be 

requi red .  

However, t o  s top  e l ec t rons  on t h e  order  of 5 MeV, such as occur 

The s topping d i s t a n c e  (range) i n  matter f o r  protons is descr ibed 

e x a c t l y  t h e  same as f o r  e l ec t rons .  

materials i s  shown i n  r e l a t i o n  t o  inc iden t  proton energy. 

I n  Figure 10 t h e  range f o r  s e v e r a l  

As s t a t e d  earlier 400 m i l s  of aluminum w i l l  s t o p  s o l a r  f l a r e  

e l e c t r o n s  of 5 MeV, t h i s  amount of sh i e ld ing  would a l s o  s t o p  s o l a r  f l a r e  protons 

of 50 MeV. 

100 MeV; 3 . 9 4  inches of aluminum sh ie ld ing  would be r equ i r ed  t o  completely 

s t o p  pro tons  of t h i s  energy. 

However, i n t e n s e  s o l a r  flares produce protons on t h e  o rde r  of 

Some EEDs are cased i n  1/16 inch  aluminum. This  would s t o p  

pro tons  of about 20 MeV and e l ec t rons  of 1.5 MeV. 

F igure  10 shows t h a t  hydrogen i s  about 250% more e f f e c t i v e  p e r  
a 

u n i t  m a s s  f o r  s topping protons of a given energy. I f  some means of using 

hydrogen as a sh ie ld ing  material could be found (such as a ba l loon- l ike  con- 

t a i n e r )  g r e a t e r  sav ings  i n  sh i e ld ing  weight would r e s u l t .  

A sample of t h e  d a t a  used i n  Figure 10 i s  presented  i n  Table 8. 

3.5.2 Chemical E f f e c t s  of P a r t i c l e  Bombardment i n  Space 

The sun, which is t h e  dominant r a d i a t i n g  body i n  t h e  s o l a r  system, 

e m i t s  p a r t i c l e s  as w e l l  as o the r  forms of r ad ia t ion .  

of t h e s e  s o l a r  p a r t i c l e s  are protons i n  the Mev range. 

energy p a r t i c l e s  inc luding  protons,  e l e c t r o n s  and some helium n u c l e i  whose 

ene rg ie s  l i e  i n  t h e  100 e l e c t r o n  v o l t  range. 

p a r t i c l e s  starts a t  about 3 x lo7 atoms/cc (3  x 10 

e l e c t r o n s )  i n  t h e  v i c i n i t y  of t h e  sum and decreases  cont inusouly t o  a t  

least as f a r  as the  o r b i t  of t h e  Earth where i t  is  only about 10 e l e c t r o n s / c c .  

S o l a r  pro ton  dens i ty  i n  t h e  v ic in i ty  

20 pro tons /cc .  

The most e n e r g e t i c  

There are lower 

The d e n s i t y  of t hese  
7 7 pro tons  p l u s  3 x 10 

of t h e  Earth is  very  low, 5 t o  a These are quiet-Sun va lues .  
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In passing through any medium, each high energy particle loses energy 

by interacting with electrons and nuclei of the medium. 

The basic mechanisms of energy interchange are: 

Ionization - in which an orbital electron is removed from 
its parent nucleus giving rise to a free electron and a 
positively charged (ionized) atom or molecule. 

Excitation - in which an electron is raised to a high 
energy level but remains bound to its parent nucleus. 
this case the atom or molecule remains neutral. 

In 

Displacement of a nucleus with or without its attendant 
electrons. 

Capture by an atomic nucleus and transformation of the 
nuclear structure. 

Scattering of the incident particle or photon and emission 
of secondary radiation. 

These basic processes may given rise to secondary charges. Thus 

an unstable nucleus may be formed in process ( 4 )  which on disintegration 
emits a further high energy particle capable of inciting further ionization, 

excitation or nuclear displacement. 
may also have sufficient energy to cause secondary ionization and excitation 
in neighboring atoms until it loses most of its energy and is then captured 

by the same or another atomic nucleus. 
the specimen will be degraded into thermal vibrations and eventually appear 

in the form of heat. 

The electron emitted during ionization 

Much of the energy absorbed within 

m e n  we consider the effects on various materials it appears 
that we can make some generalizations with regard to metals, covalent 

and ionic structures, and molecular structures. 

The only effect of exposure of metals t o  high energy radiation 

comes from the displacement of atoms giving rise to interstitial atoms and 

lattice vacancies. Conduction electrons already present in the metal 
react with any ions formed and prevent radiation-induced ionization or 
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e x c i t a t i o n  from causing any permanent change i n  p r o p e r t i e s .  Changes i n  

atomic arrangements w i l l  l e ad  t o  changes i n  e l e c t r i c a l  r e s i s t a n c e ,  e l a s t i c  

modulus, creep, y i e l d  s t r e n g t h ,  s to red  energy due t o  t h e  d i s t o r t e d  la t t ice ,  

hardness  and d u c t i l i t y .  

temperature. Approximately 1 O I 8  protons/cm are requi red  t o  change t h e  

b r i t t l e - d u c t i l e  t r a n s i t i o n  temperature i n  mild steel  only 19OC. 

l e v e l  is  r equ i r ed  t o  change e l e c t r i c a l  r e s i s t i v i t y ;  f o r  example, 

For many metals these  e f f e c t s  annea l  ou t  a t  room 
2 

A similar 

2 1 0 l 6  protons/cm are needed t o  e f f e c t  a change of 0.5% i n  tungsten.  The 

q u i e t  emission from t h e  sun w i l l  have v i r t u a l l y  no e f f e c t  and even t h e  

maximum i n t e g r a t e d  f l u x  of Van Allen pro tons ,  which i s  about 

1 0 l 2  protons/cm -yr i n  t h e  h e a r t  of t h e  b e l t ,  i n d i c a t e s  t h a t  t h e  l e v e l  of 

p e n e t r a t i n g  and bombardment f l u x  encountered i n  space is too low t o  cause 

s i g n i f i c a n t  damage t o  metals. 

2 

I n  covalen t  and i o n i c  s t r u c t u r e s  t h e  s a m e  cons ide ra t ions  of 

conserva t ion  of momentum apply t o  the amount of energy which can be  

t r a n s f e r r e d  t o  an atom by c o l l i s i o n ,  and t h i s  t h e r e f o r e  sets a lower l i m i t  

t o  t h e  energy of each i n c i d e n t  p a r t i c l e  below which no atomic displacements  

a r e  p o s s i b l e ,  and only  i o n i z a t i o n  and e x c i t a t i o n  e f f e c t s  can be obtained. 

An a l t e r n a t i v e  mechanism has been suggested, however, t h a t  a p p l i e s  t o  

i o n i c  l a t t i c e s .  

low energy x-rays incapable  of causing displacement d i r e c t l y ,  a s i t u a t i o n  

can arise whereby a nega t ive  i o n  surrounded by p o s i t i v e  ions  may be  

p o s i t i v e l y  charged and then b e  d isp laced  because of e l e c t r o s t a t i c  f o r c e s  

a c t i n g  on it. This theory  would account f o r  displacements  of t h e  atomic 

n u c l e i  i n  c r y s t a l l i n e  l a t t i c e s  a t  r a d i a t i o n  ene rg ie s  too  low t o  a l low 

displacement by c o l l i s i o n .  

energy conten t ,  and thermal conduct iv i ty .  These p r o p e r t i e s  are o f t e n  

recoverable  by subsequent thermal t rea tment ,  a l though no t  a l l  of t h e  

p r o p e r t i e s  may become annealed ou t  s imultaneously.  

grouping inc lude  diamond, g raph i t e ,  q u a r t z ,  germanium, s i l i c o n ,  z i rcon,  

boron n i t r i d e  and s i l i c o n  carb ide .  

I f  an atom s u f f e r s  m u l t i p l e  i o n i z a t i o n ,  f o r  example by 

The changes observed inc lude  elastic cons t an t s ,  

Materials i n  t h i s  
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It i s  easy t o  see t h a t  s i l i c o n  and germanium are s e n s i t i v e  t o  

bombardment by high energy p a r t i c l e s  s i n c e  t h e i r  e lec t r ica l  p r o p e r t i e s  are 

c o n t r o l l e d  by doping wi th  concentrat ions of 1 i n  lo7  atoms and t h e  carrier 

recombination p r o p e r t i e s  are usua l ly  con t ro l l ed  by r e s i d u a l  impuri ty  atoms 

o r  d e f e c t s  i n  s i m i l a r  concentrat ions.  

In molecular  s t r u c t u r e  where atoms are bound toge the r  by shared 

e l e c t r o n s  t o  form molecules, e x c i t a t i o n  and i o n i z a t i o n  are by f a r  t h e  most 

important e f f e c t s  of exposure t o  high energy r ad ia t ion .  Radiat ions which 

do n o t  a l r eady  c o n s i s t  of f a s t  charged Darticles g ive  rise t o  charged 

p a r t i c l e s  and t h e s e  cause t h e  chemical changes observed. 

p a r t i c l e s  act  by causing a nea r ly  random i o n i z a t i o n  and e x c i t a t i o n  along 

t h e i r  t r a c k ,  bu t  t h e  randomness does n o t  p e r s i s t ,  and, even before  chemical 

bonds are broken, t h e  e f f e c t  of the energy tends t o  concen t r a t e  a t  c e r t a i n  

p o s i t i o n s .  There is  a d e f i n i t e  tendency f o r  weaker bonds t o  b e  broken by 

r a d i a t i o n .  The removal of an  e l ec t ron ,  o r  even its e x c i t a t i o n  t o  a 

h ighe r  l e v e l ,  may render  such molecules .uns tab le  and decomposition ensumes. 

The active fragments produced can react wi th  each o t h e r  o r  w i t h  n e u t r a l  

molecules t o  y i e l d  molecules which are chemically very  d i f f e r e n t  o r  s t r u c t u r e s  

which may themselves be  uns t ab le  t o  l e a d  t o  f u r t h e r  r eac t ions .  

one i o n i z a t i o n  o r  e x c i t a t i o n  can lead t o  a number of r e a c t i o n s ,  and i n  s u i t a b l e  

systems t h e  number of molecules modified p e r  i o n  p a i r  produced by r a d i a t i o n  

may b e  very high. Although t h e  damage t o  o rgan ic  compounds is usua l ly  a 

func t ion  of energy t h e r e  are cases where energy can be  absorbed and gradual ly  

d i s s i p a t e d  by a resonant  s t r u c t u r e  l i k e  t h e  benzene r i n g  wi thout  breaking 

chemical bonds, 

i n  polys tyrene  t o  break  chemical bonds (based on t o t a l  energy r equ i r ed  f o r  

one c ros s l ink )  as compared wi th  45 t o  60 ev i n  polyethylene.  

have t h e  same v i n y l  type  backbone s t r u c t u r e  except t h a t  i n  polys tyrene  a hydrogen 

atom i s  rep laced  by a phenyl group. 

The high energy 

a 

I n  t h i s  way 

As an example, i t  t akes  1400 t o  1600 ev of energy absorbed 

These two polymers 

I n  gene ra l  i t  appears t h a t  f o r  i n t e r p l a n e t a r y  voyages (elapsed 
8 t i m e  of 10 seconds) w e  need n o t  be concerned wi th  t h e  chemical e f f e c t s  

upon metals t h a t  may be  used i n  i n i t i a t o r  des igns  b u t  t h a t  w e  should be 

c a r e f u l  t h a t  any i n s u l a t o r s  o r  organic materials which may b e  exposed are 

of types  that w i l l  no t  b e  s e r i o u s l y  impaired. 

a 
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3.5.3 Space Debris 

It is recognized t h a t  var ious  forms of matter i n  i n t e r p l a n e t a r y  space 

This  matter can be  classi- must b e  considered as a hazard t o  space navigat ion.  

f i e d  as a s t e r o i d s ,  meteoroids and dust.  

conclusions as t o  t h e  e f f e c t  of t h i s  matter on s p a c e c r a f t  can 5e drawn a t  t h e  

p re sen t  t i m e .  

Due t o  l imi t ed  amount of d a t a  no f i rm 

What information is a v a i l a b l e  i n d i c a t e s  t h a t  t h e  a s t e r o i d  b e l t  w i l l  

pose t h e  least problem f o r  deep space f l i g h t .  

of Mars and J u p i t e r ;  i t  occupies approximately 10 l6  cubic  m i l e s  of space and 

con ta ins  less than  10 a s t e r o i d s  of a l l  s i ze s .  If t h e  a s t e r o i d s  were evenly 

d i s t r i b u t e d  throughout t h e  b e l t ,  each would be  separa ted  by 1000 m i l e s  from its 

n e a r e s t  neighbor i n  any d i r e c t i o n .  

is about one one-thousandth of t h e  e a r t h ' s  mass (26) and would occupy a sphere  

625 m i l e s  i n  diameter.  

The b e l t  l ies  between t h e  o r b i t s  

6 

The t o t a l  mass of a l l  a s t e r o i d s  combined 

A l l  of t h e  1500 catalogued a s t e r o i d s  r o t a t e  about t h e  sun i n  t h e  

same d i r e c t i o n  as t h e  ea r th .  Therefore,  a spacec ra f t  i n  a t r a n s f e r  o r b i t  

should e a s i l y  b e a b l e  t o  pass  through t h e  b e l t  wi thout  s i g n i f i c a n t  danger. 

This  

and i s  i n i t i a l l y  matched t o  t h e  average v e l o c i t y  of t h e  a s t e r o i d  b e l t .  

presumes t h a t  t h e  c r a f t  has  the  a b i l i t y  t o  move l a t e r a l l y  (e.g. Gemini) 

Hazards due t o  chance c o l l i s i o n  wi th  meteroids  and micrometeoroids 

w i l l  i n c r e a s e  as w e  probe toward the a s t e r o i d  b e l t .  

are t h e  obvious forms of damage. 

w i th  t h e  l i ke l ihood  of h e a t  and sparks, and wi th  t h e  electrical charge t r a n s f e r  

t h a t  might occur  during impact. 

Deformations and punctures  

I n  add i t ion ,  however, w e  must b e  concerned 

3.5.4 Meteoroids 

On any clear n i g h t  a casua l  observer  could probably see about 5 t o  7 
meteors p e r  hour, coming ou t  of t h e  sky from random d i r e c t i o n s .  These are 

sporadic  meteors.  

t r a v e l i n g  toge the r  about t h e  sun  i n  t h e  same o r b i t .  

e a r t h ' s  o r b i t  a meteor shower occurs. 

There are a l s o  meteor swarms, l a r g e  numbers of meteoroids 

When they  i n t e r s e c t  t h e  
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The known meteor swarms travel about t h e  sun i n  h ighly  e l l i p t i c a l  

o r b i t s ,  and many are assoc ia ted  with the  o r b i t s  of former comets t h a t  have 

been broken up by t h e  g r a v i t a t i o n a l  p u l l  of J u p i t e r .  

The Russians have reported t h a t  both t h e i r  Mars 1 and Mars 2 probes 

were damaged by previous iy  unknown meteor swarms. This  i s  i n d i c a t i v e  of t he  

hazard t h a t  meteors pose t o  spacecraf t ,  and demonstrates t he  need f o r  f u r t h e r  

s tudy  t o  determine t h e  ex i s t ence  of p re sen t ly  unknown swarms,  and t o  compute 

t h e i r  o r b i t s .  It is  s t rong ly  recommended t h a t  t h e  t r a j e c t o r i e s  of spacec ra f t  

be  chosen s o  as t o  avoid t h e  l i ke l ihood  of an encounter wi th  a meteor swarm;  

t h e  requirement f o r  a consu l t an t  astronomer is inescapable ,  i n  planning a . 

mission.  

The problem of p ro tec t ing  an  EED from meteoroid impact becomes 

ev ident  when t h e  range of meteoroid v e l o c i t i e s  i s  considered. 

i n  t h e  v i c i n i t y  of t h e  earth cannot t ravel  less than  9 km/sec o r  it would f a l l  

i n t o  t h e  sun. 

s t r a y )  is  42 km/sec which is escape v e l o c i t y  of t h e  s o l a r  system. 

v e l o c i t y  of impact wi th  t h e  e a r t h  is  72 lun/sec. This  is  f o r  a meteoroid 

i n  a r e t rog rade  o r b i t  t r a v e l i n g  a t  42 km/sec c o l l i d i n g  wi th  t h e  e a r t h  whose 

o r b i t a l  v e l o c i t y  is  29.8 km/sec. I f  a m i s s i l e  i s  t r a v e l i n g  a t  t h e  v e l o c i t y  

of escape from t h e  e a r t h ,  11 km/sec, t h e  m a x i m u m  v e l o c i t y  of c o l l i s i o n  would 

then  be  83 km/sec. 

A meteoroid 

The maximum permiss ib le  v e l o c i t y  (except  f o r  a non-orbit ing 

The maximum 

Even though micrometeoric dus t  can have t h e  same v e l o c i t y  as meteoroids 

i t  has  been found t h a t  dus t  erosion is  q u i t e  s m a l l .  While n o t  much d a t a  is  

p r e s e n t l y  ava i l ab le ,  a measured f lux  of 

t h e  e a r t h  i s  found t o  r e s u l t  i n  no more than  c m  of t h e  s u r f a c e  area 

destroyed p e r  year .  

2 micro-meteoroids p e r  c m  /sec near  

3.5.5 Spu t t e r ing  (Corpuscular Radiation Damage) 

Spu t t e r ing  is t h e  removal of atoms and molecules from a s u r f a c e  bomb- 

barded by high v e l o c i t y  particles ( s o l a r  corpuscular  r a d i a t i o n )  o r  i n d i v i d u a l  

molecules of h i g h l y  a t t enua ted  gas. 
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As in the case of proton radiation, the worst case of sputtering will 

occur during an intense solar flare. It is concluded that sputtering by 
corpuscular radiation will remove between 0.9 and 6 microns of silver per 

year. Since micrometeoroids erode 0.01 to 0.1 micron per year, sputtering 

removes within an order of magnitude as much material as micrometeoroid 

erosion. It is thought that 4 microns of aluminum at the most could be 
removed in one year by sputtering due to solar corpuscular radiation. 

The sputtering damage to aluminum at an altitude of 700 km is on the 
order of that caused by micrometeoroids, which should be expected to remove 
0.0001 microns in about 6 hours; silver, however, is not damaged at all, which 

indicates the varied effects of sputtering on different materials. Sputtering 
by the atmosphere at altitudes above 700 km is not considered 
dangerous, except for the possibility of small surface change 

to optical surfaces. 

3 . 5 . 6  Accumulated Charge 
a 

to be serious or 
or slight damage 

The kinetic electron volt potential developed when a particle strikes 

a target has 

- Qc - where 
Ek = 

K =  
A =  
V =  

been related empirically to accumulated charge, which is given by 

KEkV 
A oc = - 

charge collected 
kinetic energy of particle 

constant for target material 

atomic weight of particle 

velocity of particle 

The relationship of K has not been determined as yet but it has been 
shown to be much larger for some materials such as tantalum and tungsten than 

it is for others such as copper, beryllium, copper alloy, and iridium. This 
phenomenon is worth added attention in view of the fact that many EEDs are very 

sensitive to relatively small charges. 

3.5.7 Conclusions 

We conclude from present available data that the only catastrophic 

hazard due to space debris is the possibility of meteoroid collision. More data 
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are needed, especially concerning still undiscovered meteor swarms in inter- 
planetary space. Every effort should be made to avoid an encounter with any 

meteor swarm. 

Sputtering and micrometeoroid erosion present no significant hazard 

to EEDs, though some metallurgical surface effects might result. 

More work is needed in the field of hypervelocity impact (more than 

22 km/sec). 
that a 1/16-inch (62.5-mil) case for an EED should suffice to protect against 

puncture by micrometeoroids, erosion by dust, and sputtering. The danger 
due to impact with golf-ball size meteoroids is obvious; fortunately the 

probability of this occurrence is correspondingly lower. 

tion and investigation is necessary before the full extent of this hazard 
source may be defined. 

Within the limits of presently available data we can postulate 

Additional informa- 

3.6 Shock and Vibration 

3.6.1 General Considerations 

The EEDs under consideration will be subject to a severe shock and 
vibration environment in combination with a vacuum and extremes of temperature. 

Such an EED has as part of its structure an electrical connector body with 
two or more pins extending through a metallic bulkhead; the pins are hermetically 

sealed with glass, ceramic, or epoxy. The mating electrical connectors are 
keyed to fix the orientation of the pins. 

externally threaded to accept the rotating sleeve of the mating cable connector, 
in order to provide a metal to metal seal which will remain firm under all 
conditions. 
hermetic seals, the extensions of the connector pins will be used to support 

the one or more bridgewires of the EED. 
potted from the bulkhead up to the bridgewire, to prevent movement of the pins 

and breakage of the bridgewire. Packed in proximity to the bridgewire are one 
or more explosives; these are contained in a metal shell which must be strong 

enough to contain and direct the explosive force. The complete device itself 
is contained or attached in some manner to the object to which the explosive 
force must be supplied. 

The connector of the EED is 

On the other side of the metallic bulkhead containing the 

Generally the connector pins are 
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Consider now the possible failure modes of the EED under study, 

beginning at the cable connector to which it is attached. 

1. Loss of electrical continuity at the junction of the EED 

connector pins and the mating connector. 

2. Mechanical failure of mating threads of the EED and cable connector, 

also failure at the stress concentration point at the transition between these 
threads and the connector wall. 

3.  Transfer of the connector cable movement through the EED pins, 

breaking the hermetic seal. 

4 .  Failure of the hermetic seal, by direct effect of vibrations. 

5. Breakage of the bridgewire welds by shifting of connector pins 

in potting material. 

6. Displacement of the explosive mix at the bridgewire with a 

subsequent change in functioning time. 

7. Reorientation of the explosive under long term vibrations to obtain 

a heterogeneous mixture with altered characteristics. 

8 .  Failure of the EED shell at the point of attachment to the next 

device when initiation occurs, causing misdirection of the explosive force. 
Also, failure of shell at other points of stress concentration intended to 

withstand the explosive force. 

It is evident that, even with good design techniques, thorough testing 
But before the shock and vibration levels to be of the EED will be required. 

used in testing the EED are discussed, it is necessary to consider the EED, its 
associated connecting system, and the moufiting method. 

It is most important that the electrical cable, particularly the 
connection to the EED and adjacent portions, be as rigidly mounted as the EED 

itself. Otherwise, it will be possible for the EED connector, the pins, and 

the hermetic seals to be subjected to excessive stresses well beyond those 

normally received when the EED is tested alone in the expected environment. 
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I f  t h e r e  i s  any doubt about t h e  cable  mounting, i t  should be t e s t e d  along wi th  

t h e  EED i n  t h e  expected environment. 

must of course  a l s o  be  r i g i d l y  mounted. 

The device  t o  which t h e  EED is  a t tached  

The most severe test f o r  t h e  EED would probably be  t h a t  f o r  combined 

low temperature  v i b r a t i o n  and shock environment when t h e  i n i t i a t o r  i s  expected 

t o  func t ion .  A t  t h i s  t i m e  t h e  meta?. case enc los ing  t h e  explos ive  is  subjec ted  

t o  t h e  h ighes t  stresses, but  i s  l e a s t  capable  of l o c a l  y i e l d i n g  t o  r e l i e v e  them. 

Long-term sus t a ined  v i b r a t i o n s  which might tend t o  sepa ra t e  t h e  

explos ive  charge from in t ima te  contac t  w i th  t h e  br idgewire ,  or t o  rear range  

t h e  designed d i s t r i b u t i o n  of t h e  explosive substances,must be  considered. 

Standard s t a t i s t i c a l  t e s t i n g  techniques t o  determine any s i g n i f i c a n t  changes 

i n  t h e  EED f u n c t i o n a l  response a f t e r  t e s t i n g  i n  t h e  environment, should be 

appl ied .  

Furthermore, t h e  EED must func t ion  wi th  a given f i r i n g  pu l se ,  i n  a 

g iven  t i m e ,  w i th  a s p e c i f i e d  m i n i m u m  energy output ,  a f t e r  a s p e c i f i e d  minimum 

energy inpu t  has  been appl ied.  

whether be fo re ,  during,  o r  a f t e r  exposure t o  shock and v i b r a t i o n .  Accordingly, 

t e s t i n g  of EEDs should inc lude  exposure t o  t h e  expected environment, us ing  

MIL-STD-810A as a minimum, and including any o t h e r  more s e v e r e  shock and 

v i b r a t i o n  s p e c i f i c a t i o n s  p e c u l i a r  t o  t h e  v e h i c l e  mission requirements.  

This must be  accomplished a t  a s p e c i f i e d  t i m e ,  

Premature f i r i n g  of t h e  EED due t o  a p p l i c a t i o n  of t h e  expected shock 

and v i b r a t i o n  environment cannot of course be t o l e r a t e d .  Such an occurrence 

during t h e  environmental  t e s t i n g  sequence would demand des ign  changes, o r  t h e  

s e l e c t i o n  of a d i f f e r e n t  type of EED. 

3 . 6 . 2  T e s t  S p e c i f i c a t i o n s  

To a i d  t h e  p r e d i c t i o n  of shock and v i b r a t i o n  des ign  and t e s t i n g  

levels t o  b e  used as a guide f o r  EED development, s e l e c t i o n ,  and t e s t i n g ,  w e  

compare t h e  following: 
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1. 

2. 

3.  

Generalized test envelopes and procedures from MIL-STD-810A 
(USAF) 23 June 1964, "Environmental T e s t  Methods f o r  
Aerospace and Ground Equipment .I' 

Design q u a l i f i c a t i o n  and "off-l imit ' '  tests f o r  t he  Apollo 
Standard I n i t i a t o r  ( M I )  from NASA MSC, Houston, Texas. 

Maximum levei v i b r a t i o n  shock and a c o u s t i c  n o i s e  d a t a  
obtained from f l i g h t  t e s t i n g  of launch v e h i c l e s  u t i l i z i n g  
high t h r u s t  s t a g e s ,  and component acceptance test l e v e l s  
f o r  t h e s e  spacec ra f t .  

Under each of t h e  headings below t h e r e  is a comparison of 

a v a i l a b l e  d a t a  and a concise  discussion.  

Acce lera t ion  

MIL-STD 810A: 18g max imum a c c e l e r a t i o n  s p e c i f i e d  along t h r e e  

mutual ly  perpendicular  axes, f o r  a minimum of one minute test on each axis 

( c a l c u l a t e d  by assuming ground launched v e h i c l e ,  l i q u i d  boos te r ,  forward 

a c c e l e r a t i o n  of veh ic l e ,  and EED pos i t i on  unknown). 150% x 12g maximum = 18g. 

Apollo Standard I n i t i a t o r  s p e c i f i c a t i o n ,  ope ra t iona l  design 

c r i t e r i o n :  I n i t i a t o r  s h a l l  perform s a t i s f a c t o r i l y  a f t e r  exposures t o  20g along 

each of t h r e e  mutual ly  perpendicular  axes ,  120 seconds minimum on each ax i s .  

No d a t a  p re sen t ly  a v a i l a b l e  i n d i c a t e s  t h a t  a c c e l e r a t i o n  test l e v e l s  

exceeding 20g (AS1 s p e c i f i c a t i o n )  a r e  requi red  f o r  manned aerospace veh ic l e s ,  

o r  v e h i c l e s  equipped w i t h  l i q u i d  boosters ;  u se  of s o l i d  f u e l  boos t e r s  may 

r e q u i r e  an  i n c r e a s e  i n  test levels. 

Vibra t ion  - Sinusoida l  

MIL-STD-810A: For a ground launched v e h i c l e ,  a r i g i d l y  mounted 

EED and a boos te r  w i th  a t h r u s t  g r e a t e r  than  500,000 pounds, t h e  curve 

shown by t h e  s o l i d  l i n e  i n  Figure 11 should be used, f o r  30 minutes t o t a l  

cyc l ing  t i m e .  
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AS1 Spec i f ica t ion :  As shown by long-dashed l i n e  on Figure 11 o r  

according t o  t h e  fol lowing t ab le :  

5.0 t o  27.5 cps  

27.5 t o  52.0 cps  

52.0 t o  500.0 cps 

1.56 g 

0.043 in . ,  double amplitude 

6.0 g 

These v i b r a t i o n  tests are conducted a t  ambient temperature,  +300°F, and 

-260'F; one frequency sweep i n  f i v e  minutes p e r  a x i s ;  t h e  i n i t i a t o r  must 

perform s a t i s f a c t o r i l y  a f t e r  tests. 

Also shown on Figure 11 are t h e  maximum values  obtained on 

engine-mounted hardware from tests of Sa turn  1, Block 1, (27) which are 

probably t h e  most severe  condi t ions  t h a t  would be  encountered. Maximum 

va lues  from T i t an  I11 component acceptance tests (28) are p l o t t e d  on t h e  
same f i g u r e ,  a long wi th  t h e  500 t o  650 cps ''combustion resonance dwell", 

50 g peak a c c e l e r a t i o n ,  as s p e c i f i e d  by NASA-Goddard Spec. 6-2-000. 

V ib ra t ion  - Random 

MIL-STD-810A: The random v i b r a t i o n  test envelope f o r  a 

ground-launched v e h i c l e  wi th  a t h r u s t  of g r e a t e r  than  500,000 is  shown 

i n  F igure  12. The test  dura t ion  i s  30 minutes pe r  axis. 

ASI: Random v i b r a t i o n  design cri teria l e v e l s  are l i s t e d  below: 

0.01 g 2 /cps  a t  10 cps wi th  6 db/octave inc rease  t o  0.8 g 2 /cps  
2 from 100 cps  t o  400 cps.  

t o  0.16 g /cps  a t  2000 cps; 15 minutes test along each ax i s .  

are t r a n s l a t e d  i n t o  t h e  test curve shown by t h e  do t t ed  l i n e  on Figure 12. 

The i n i t i a t o r  must perform s a t i s f a c t o r i l y  during o r  a f t e r  exposure t o  t h e  

environment. 

0.8 g /cps a t  400 cps wi th  a 3 dbloc tave  decrease  
2 These levels 

Also included are acceptance test  l e v e l s  f o r  T i t a n  I11 components, 

and the  NASA Goddard Spec. 62-000. 

shown extend t h e  test f requencies  below t h e  40 cps lower l i m i t  of MIL-STD-810A. 

The AS1 program a l s o  inc ludes  "off-l imit" v i b r a t i o n  tests, performed a t  150, 

Note t h a t  t h e  t h r e e  acceptance tests 
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175, 200 and 225 p e r  cent  of t h e  l e v e l s  shown. 

t h e  MIL-STD-81OA be  necessary,  f a i l u r e  d a t a  from t h e  "off- l imit"  tests would 

be  a v a l u a b l e  a i d  for  i n i t i a t o r  redesign as required.  

Should test l e v e l s  h igher  than 

Acous t ica l  Noise 

MIL-STD-810A: The maximum t e s t i n g  'level ( o v e r a l l  sound p res su re  

level (SPL) of 165 db) from Method 515 i s  shown on Figure  13. 

AS1 s p e c i f i c a t i o n :  A s  shown on Figure 13, t h e  tes t  l e v e l  shown 

i n d i c a t e s  an o v e r a l l  SPL of 168 db. The test is of 120 second dura t ion  with 

levels as l i s t e d  below: 

cps 

11.2 t o  22.4 

22.4 t o  45 

45 t o  90 

90 t o  180 

180 t o  355 

355 t o  710 

710 t o  1400 

1400 t o  2800 

2800 t o  5600 

5600 t o  11200 

db 

154 

158 

162 

159 

158 

155 

150 

145 

140 

135 

- 

The average of 600 "on pad" measurements on t h e  SA-2 Sa turn  (29) 

is shown by a dashed l i n e  on F igure  13. 

t h e  AS1 and MIL-STD-810A test levels, and exceeds t h e  h ighes t  SPL l i k e l y  t o  

be  encountered by an  EED mounted wi th in  t h e  veh ic l e .  S ince  t h e  average EED 

i s  very small and of high dens i ty ,  i t  i s  no t  l i k e i y  t o  be  s e n s i t i v e  t o  a c o u s t i c a l  

n o i s e  f i e l d s  (30). 
t o  s i n u s o i d a l  and random v i b r a t i o n  t e s t s .  It i s  recommended that some "off-l imit" 

a c o u s t i c a l  n o i s e  p re s su re  l e v e l s ,  (above 165 db) be  used t o  determine i n i t i a t o r  

s e n s i t i v i t y  and f a i l u r e  modes ( i f  any) t o  a i d  des igners  i n  p e r f e c t i n g  t h e  

mechanical cons t ruc t ion  d e t a i l s  of i n i t i a t o r s .  

Note t h a t  t h i s  level is f a r  above 

Acous t ica l  n o i s e  t e s t i n g  is, however, a va luab le  supplement 
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Shock 

MIL-STD-810A: Figure 14 is a reproduction of the shock pulse 
wave form. 

a nominal duration of 6 milliseconds. (Method 516.1). 
The high intensity shock test has a peak value of 100 g, with 

AS1 specifications 30 g for 11 milliseconds is given for an 
induced environment, but a 100 g test (no time given) is specified for 
the operational design requirement. 

Shock test specification values for typical vehicles are as 

: Discoverer, Midas and Sentry - 40 g maximum with a half-sine (28) follows 

pulse of 6 millisecond duration; Titan I11 - 100 g, non-specified pulse 
shape of 7 millisecond duration; Block 2 Saturns - 35-150 g depending on 
location, sawtooth pulse of 5 millisecond duration. The 100 g, 6-millisecond 
duration sawtooth pulse is recommended for initiator specifications and 
tes tine. 

Separation of stages, shrouds and payloads when required during 
missile and satellite spacecraft is usually accomplished by the use of 

explosive bolts, clamps and frangible joints. Peak accelerations as high 
as 2500 r! with a duration of .5 milliseconds have been recorded 

typical acceleration record is shown in Figure 15. 
shock by use of a one-half sine wave pulse has been attempted, although a 

shock machine that will simulate the environment with acceptable realism has 

not yet been built. 

Figure 16. 
of the shock transient, but the amount of attenuation is not always predictable. 

Failure of brittle components such as glass diodes, resistors and glass seals 
such as used in EED's are possible depending on component location, although 

none have yet been recorded. Investigators are pursuing the solution of the 
problem along three lines: 
on the nature of the shock to be expected, translation and correlation of 
these data by use of laboratory tests and techniques, and reduction of the 

shock by design of new types of separable joints. 

(31,321- A 

Simulation of separation 

A comparison of these two shock spectra is shown in 
Fortunately the vehicle structure provides significant attenuation 

gathering of more complete and descriptive data 

I 
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Test ing  of EED's under appropr ia te  shock condi t ions  i s  recommended 

when methods of producing the  necessary test shocks, and c o r r e l a t i o n  d a t a  

wi th  a c t u a l  tests on vehicles,  are ava i lab le .  

types of f r a n g i b l e  j o i n t s  i s  progressing w e l l ,  and whi le  d a t a  on t h e  magnitude 

of shock occurr ing  i n  t h e s e  designs are no t  y e t  a v a i l a b l e ,  i t  probable  t h a t  

accep tab le  l e v e l s  w i l l  be  reached before  t e s t i n g  methods f o r  t h e  more severe  

condi t ions  are per fec ted .  

For tuna te ly ,  research  on new 

Not d iscussed  under the  above headings are several o the r  a s soc ia t ed  

tests p r e s e n t l y  performed on t h e  Apollo Standard I n i t i a t o r ,  and which are 

recommended f o r  a l l  EED's. 

J o l t  T e s t  MIL-STD-300 
Jumble T e s t  MIL-STD-301 

Drop T e s t  (8 f t )  MIL-STD-302 ( s a f e  and operable)  

40-Foot Drop Test (safe, no-f i re)  

3.6.3 Summary 

W e  have considered the  mechanical design d e t a i l s  of a t y p i c a l  EED, 

t h e  p o s s i b l e  modes of f a i l u r e  of the  EED when sub jec t ed  t o  a severe shock and 

v i b r a t i o n  environment, maximum v i b r a t i o n  shock and a c o u s t i c  no i se  d a t a  from 

f l i g h t  t e s t i n g ,  and a l s o  a comprehensive l i s t i n g  of test envelopes,  and qua l i -  

f i c a t i o n  and "off-l imit" tests. 

Having compared appl icable  acceptance tests and l e v e l  f l i g h t  da t a ,  

w e  f i n d  t h a t  t h e  environmental  t e s t i n g  program developed f o r  t h e  Apollo Standard 

I n i t i a t o r  appears  t o  be real is t ic .  It has  a l s o  been shown, however, t h a t  

more severe environments e x i s t ,  than are p r e s e n t l y  used f o r  t e s t i n g  t h e  ASI .  

Since t h e  des ign  and t e s t i n g  levels f o r  an i n i t i a t o r  must i n s u r e  r e l i a b i l i t y ,  

i t  i s  necessary  t h a t  t h e r e  be  constant  comparison of new f l i g h t  da t a ,  and 

empi r i ca l  s c a l i n g  of such d a t a  f o r  s p e c i f i c  a p p l i c a t i o n s  and r e v i s i o n  of 

s p e c i f i c a t i o n s  as required.  The t e s t i n g  program should inc lude  t h e  combination 

of t h e  most s eve re  environments encountered by t h e  EED, and a cons tan t  check on 
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its performance both during and after exposure to these environments. 

design and product improvement program for EEDs must include the use of 

failure data from off-limit tests (such as performed on the S I )  to deter- 
mine the probabilities of failure if such environments are encountered, and 
methods of preventing such failures. 

A 

3.7 Prelaunch and Interior Conditions 

3.7.1 Sterilization 

Prior to the launching of a mission to any extraterrestrial object, 

a rigid sterilization process is applied to the missile, to prevent contamina- 

tion of the target by organisms. The intent, as is well known, is to prevent 
interference, by imported life, with a subsequent biological study of the 

target. At first it may appear that explosive components could properly be 

exempted from the requirements, by reason of self-sterilization during 
explosive functioning. This is not the case: Incomplete combustion often 

occurs; possibly some devices are not intended to function except under certain 
conditions; some may be duds. The explosives must, for these reasons, be 
subjected to sterilization. 

These are three major basic methods of sterilization - thermal, 
chemical, and radiation. Experience has already shown that space passage 

does little toward sterilizing a vehicle; neither the low temperatures nor the 

radiation are effective. 

with the possibility of affecting explosives. 
may be dismissed at once; because of its inconvenience it does not appear to 

be a favored method for this application; furthermore, even if used, explosives, 
ceramics, metals, and plastic electrical insulation other than teflon are 

Present concern is not with biological effects, but 

Sterilization by gamma radiation 

unimpaired by the sterilizing does of 10 7 Roentgen (33) . 
Chemical sterilization is often used. For purposes with which we 

are now concerned, two substances which have received attention as possible 

sterilizers are ethylene oxide and 6-propiolactone. 
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Ethylene oxide i s  a co lo r l e s s  gas  t h a t  l i q u i f i e s  a t  10.8"C. It 

f i n d s  i ts  major u se  today as an organic  in te rmedia te  and i t  has  been used as 

a fumigant t o  c o n t r o l  pests i n   foodstuff^'^^). 
advantages (it is s i m i l a r  t o  e t h y l  ether) s o  t h a t  i t  i s  mixed wi th  CO t o  

suppress  i t s  i g n i t a b i l i t y .  I n  a closed v e s s e l  a l l  mixtures  g r e a t e r  than 

3.6% of e thy lene  oxide wi th  a i r ,  or  e thylene  oxide i t s e l f ,  can be  i g n i t e d  by 

a source  of h e a t  

I ts  inf lammabil i ty  poses d is -  

2 

( 3 5 )  

Ethylene oxide i s  a un ive r sa l  d i s i n f e c t a n t ,  k i l l i n g  b a c t e r i a  and 

o t h e r  organisms e f f e ~ t i v e l y ' ~ ~ ) .  Being a gas,  e thylene  oxide has two d i s t i n c t  

advantages:  i t  is  h igh ly  pene t ra t ing ,  compared t o  l i q u i d ,  and i t  i s  e f f e c t i v e  

a t  r e l a t i v e l y  low relative humidity (20 t o  40% RH). 

t h e  nose and eyes and concentrat ions of 50,000 t o  100,000 p a r t s  per  m i l l i o n  

w i l l  cause death i n  minutes.  Maximum al lowable concen t r a t ion  i n  a i r  f o r  

people  i s  100 ppm. Many polymeric materials w i l l  sorb  t h e  gas ,  and hold i t  

t enac ious ly ,  s o  t h a t  many hours of air-wash are requi red  before  s t e r i l i z e d  

materials can be s a f e l y  handled(33). 

oxide would be  subsequently purged wi th  n i t rogen  o r  helium t o  make a saving 

i n  t h e  launch weight. 

The vapor w i l l  i r r i t a t e  

I n  t h e  case  of space probes t h e  e thy lene  

The s t e r i l i z i n g  l i q u i d  6-propiolactone has  a b o i l i n g  p o i n t  of 155°C 

and a f r eez ing  po in t  of -33.4"C. 

as both  a lachrymator ( t e a r s )  and a vesicant ( b l i s t e r s ) .  It  w i l l  r e a c t  wi th  

w a t e r  t o  form hydrac ry l i c  a c i d  as w e l l  as wi th  organic  compounds having active 

hydrogen atoms, i no rgan ic  salts and some metals. Under condi t ions  of maximum 

e f f e c t i v e n e s s  ( r e l a t i v e  humidity greater than  75% RH) i t  is  25 t i m e s  a o r e  

e f f e c t i v e  than  formaldehyde and 4000 t i m e s  more e f f e c t i v e  than  e thylene  oxide 

Like e thy lene  oxide i t  i s  un ive r sa l  i n  i t s  a c t i o n  on microorganisms but  i t  

i s  e f f e c t i v e  only on t h e  sur face .  

f i n e  m i s t ,  a t  room temperature.  It may b e  considered noncorrosive t o  metals 

f o r  s h o r t  exposures. 

(months) a t  temperatures  a s  h igh  as 130°F then  i t s  u s e  w i l l  be ob jec t ionab le  

I t  has  a very  i r r i t a t i n g  sweet odor and acts 

(37) . 

I n  applying i t ,  i t  is o f t e n  sprayed as a 

I f  metals a re  exposed t o  t h e  l i q u i d  f o r  extended per iods  
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for metals such as brass, mild steel, 2024 aluminum, cast iron, red brass 

copper and galvanized steel. Under these conditions, 304 and 306 stainless 
steel, monel, and 1100 aluminum (33) would be very resistant. 

to the vapor will disintegrate nylon and polystyrene, and deform Mylar and 

polyvinyl chloride. In tests of B-propiolactone liquid in contact with 

plastics at 130°F Mylar was the only plastic that showed no apparent effect 

Prolonged exposure 

(37) in 21 days . 
Most other chemical disinfectants can be eliminated from this 

study because they lack the broad spectrum of lethal action obtainable 
with ethylene oxide or B-propiolactone or for other limitations such as 

their corrosive nature, undesirable residues, or insufficient data con- 
cerning their behavior. 

The sterilization problem is compounded by the fact that clean 
_, 

surfaces are not sufficient; microbes within the materials must be killed. 

Studies made at Fort Detrick by Dr. Phillips and his group concluded that 
electronic components were contaminated with imbedded microorganisms. The 
use of dry heat, ethylene oxide and gamma radiation has been recommended 

by NASA and JPL . (38) 

Dr. G. Hobby, in charge of sterilization at JPL, has repeatedly 

urged that space probes subsequent to Ranger be designed from inception 

with cognizance of the restraints imposed by ~terilization'~~). He has 

further stressed that heat sterilization (125OC for 24 hours) be used wherever 
possible . The chief advantage of dry heat as a sterilizer is that it kills 
internally trapped microorganisms. 

(39) 

In summary we expect that the sterilization process will impose 

more severe restrictions on the design of the EED than the effects to be 
expected from the microorganisms themselves. 

to use heat soaking to kill organisms throughout the bulk of material, the 

explosives selected must be relatively unaffected by the temperatures 

required. 

Since it seems very desirable 
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The  use  of s t e r i l i z e r s  o ther  than  h e a t  does not  appear t o  p re sen t  

s e r i o u s  d i f f i c u l t i e s ;  i t  i s  recomended, however, t h a t  t h e  use  of any 

o rgan ic  materials used as s e a l a n t s ,  gaske t ing ,  or electr ical  i n s u l a t i o n  be 

reviewed wi th  r e spec t  t o  microbia l  a t t a c k  and t h e i r  r e s i s t a n c e  t o  any 

s t e r i l i z i n g  process  that may be used. 

shows t h a t  t h e  emphasis is on hea t  s t e r i l i z a t i o n  i t  would be adv i sab le  

t o  assume that several methods of s t e r i l i z a t i o n  may be used t o  cope w i t h  

v a r i o u s  s i t u a t i o n s .  

t h e  end of t h e  r e t u r n  journey from a p l a n e t  whi le  t h e  probe or c r a f t  is  i n  

i t s  qua ran t ine  per iod  about t h e  ear th .  

(40,41,42) Although r ecen t  r e sea rch  

There may even be  t h e  n e c e s s i t y  f o r  s t e r i l i z a t i o n  near  

Table 9 

( 4 3 )  DRY HEAT STERILIZATION 

Temperature 
OC O F  

170 340 
160 320 
150 300 
140 285 
121  250 

- 
Time 

Minutes 

60 
120 
150 
180 

overn ight  

F igures  based on s u r v i v a l  times of t h e  more 
r e s i s t a n t  b a c t e r i a l  spores .  

3.7.2 E f f e c t  of Microorganisms 

The previous  s e c t i o n  had t o  do wi th  t h e  e f f e c t  of s t e r i l i z a t i o n  

processes .  

be complete. 

some organisms remaining wi th in  the  v e h i c l e ,  whether they  be b a c t e r i a ,  y e a s t s ,  

f u n g i ,  o r  a l g a e ,  is  w i t h  t h e  manner they  themselves can a f f e c t  explos ive  

dev ices  or t h e  e f f e c t  on these  devices  r e s u l t i n g  from t h e  s t e r i l i z a t i o n  

techniques  used t o  eliminate t h e  microbes. 

But i n  t h e  case of manned f l i g h t ,  obviously s t e r i l i z a t i o n  can n o t  

I n  any event ,  cons ide ra t ion  must be given t o  t h e  p o s s i b i l i t y  of 
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All microbes r e q u i r e  a source of carbon, n i t rogen ,  trace elements,  

energy, and something t o  accept  t h e  products  of t h e i r  metabolism. The condi- 

t i o n s  r equ i r ed  f o r  some microbes t o  mul t ip ly  are very  r e s t r i c t i v e ,  Xany 

varieties can b e  cu l tu red  only wi th in  narrow temperature  l i m i t s .  

f r e e z i n g  o r  high temperature (See Table 9)  w i l l  k i l l  most of them. 

f r e e z i n g  merely i n a c t i v a t e s  them. A narraw racge of hydrogen ion  concentra- 

t i o n  and t h e  presence o r  complete absence of oxygen may be  necessary f o r  t h e  

s u r v i v a l  of some types .  There are  a l s o  some microbes known as l i t h o t r o p h i c  

o r  "s tone ea t ing"  types  t h a t  can l i v e  i n  environments devoid of organic  

matter s i n c e  they can use  carbon dioxide as t h e i r  source of carbon and they can 

o x i d i z e  materials such as s u l f u r ,  f e r rous  i r o n ,  hydrogen s u l f i d e  and ammonia . 

Slow 

Ouick 

( 4 4 )  

Russian res ear cher  s (45) have shown t h a t  b a c t e r i a  can act  as b i o l o g i c a l  

d e p o l a r i z e r s  and a c t i v a t o r s  i n  t h e  process  of e lec t rochemica l  cor ros ion  i n  sea 

water. 

organic  subs tances  and s u l f a t e s  can serve as depo la r i ze r s ,  a c t i v a t i n g  t h e  

t h e  ox ida t ion  of hydrogen which accumulates on t h e  cathode of microgalvanic  

elements dur ing  t h e  electrochemical  co r ros ion  of steel. Carbon d ioxide ,  

accumulating 

subs tances ,  des t roys  t h e  p ro tec t ive  p r o p e r t i e s  of t h e  s u r f a c e  l a y e r  of steel. 

Its a c t i v a t i o n  causes  a sharp  s h i f t  of e l e c t r o d e  p o t e n t i a l  t o  t h e  nega t ive  

s i d e  and creates condi t ions  f o r  a more r ap id  development of t h e  microgalvanic  

p a i r  t h a t  enhances t h e  s e l f  d i s s o l u t i o n  of t h e  m e t a l .  S t a i n l e s s  steel  

weight l o s s e s  of 0.002X i n  one year have been measured and up t o  9% f o r  

carbon steel w i t h  c e r t a i n  saprophyt ic  b a c t e r i a .  

Sulfate-reducing b a c t e r i a  growing on steel i n  sea water conta in ing  

a 
due t o  saprophyt ic  b a c t e r i a  and as an end product  of organic  

There has  been r e sea rch  on biological f u e l  cells which shows t h a t  

c e r t a i n  strains of b a c t e r i a  can reduce carbonaceous f u e l s  t o  hydrogen s u l f i d e ,  

which can d i s s o c i a t e  a t  an anode-electrolyte  i n t e r f a c e .  A proto type  made 

by D r .  F. D. S i s l e r  of General S c i e n t i f i c  Corp. used an active c u l t u r e  of 

desu l fov ib r io  t o  reduce formaldehyde i n  t h e  presence of s u l f u r i c  ac id .  

Oxygen and w a t e r  were used a t  t h e  cathode t o  complete t h e  ce l l .  
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From the foregoing it is apparent that organic, inorganic, and 

metallic substances can be affected by microbial action to some degree 
under suitable conditions. With the metals and most inorganics we expect 

that the effects will be negligible. 

used should be scrutinized on an individual basis to determine their 
suitability. 

The organic materials which nay be 

It is our opinion that direct bacterial action will afford much 
less cause for concern than the sterilization procedures, discussed in 
Section 2.7.1. 

3.7.3 Biological Wastes 

Biological waste products from astronauts will probably be con- 

It may be tained o r  converted and hence are expected to pose no problem. 

advisable to use treatments that will inhibit the growth of bacteria o r  

fungi that can lead to the corrosion of metal parts. 
are listed below. 

The chief waste products 

Feces 

Important components are hydrogen sulphide, methane and 
ammonia. The materials that could be affected include 
aluminum, copper, unalloyed steel and epoxy moldings. 

Urine 

Aluminum, magnesium and titanium react with urine components. 
the main problem is ammonia gas. 
gaskets are recommended for processing containers. 

Stainless steel and flurocarbon 

Flatus 

An important component is hydrogen sulphide, which affects 
aluminum and copper as well as lubricants. 

Vomit 

This contains a corrosive, hydrochloric acid, in 0.1% to 0.5% 
concentration. 

Perspiration 

Salt content is usually quite large. 
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Fungi and Bacteria 

Almost any nater ia l  containing organic  compounds i n  trace 
amounts can support  growth of some microorganisms which can 
l ead  t o  co r ros ion  of metal p a r t s .  

3 . 7 . 4  Other Chemical Considerat ions 

From t h e  chemical viewpoint it appears  t h a t  t h e r e  w i l l  be  no 

d i f f i c u l t y  i n  us ing  materials t h a t  have been found u s e f u l  f o r  a i r c r a f t  

and m i s s i l e s  i n  spacec ra f t  app l i ca t ions .  There are a few except ions ,  

most ly  polymers, thermal con t ro l  p a i n t s ,  o r  semiconductors s u s c e p t i b l e  

t o  r a d i a t i o n  damage. 

Fay be encountered from launch t o  r e t u r n ,  t h e  e f f e c t i v e  concent ra t ion  

of t h e  r e a c t a n t s  w i l l  be  re la t ively s m a l l  f o r  most materials of i n t e r e s t .  

Although a kaleidoscopic  a r r a y  of chemical s p e c i e s  

The evaporat ion of materials w i l l  n o t  be s e r i o u s  f o r  extended 

voyages except  poss ib ly  i n  t h e  case  of a l k a l i  metals, o r  p l a s t i c s  w i th  

v o l a t i l e  p l a s t i c i z e r s .  

w i l l  probably be acceptab le  i f  o the r  p r o p e r t i e s  are s u i t a b l e .  The reduced 

p res su res  of o u t e r  space w i l l  a l s o  tend t o  remove t h e  gaseous l a y e r s  which 

may be  adsorbed on material surfaces .  

c rack  formation,  a l though some research  i n d i c a t e s  con t r a ry  r e s u l t s .  

The s u b s t i t u t i o n  of pure  polymers f o r  t h e  l a t te r  

This  removal of gas  may i n h i b i t  

The e f f e c t  of va r ious  gases which may be encountered on a mission 

w a s  d i scussed  i n  t h e  second progress  r e p o r t  on t h i s  p r o j e c t .  To summarize 

t h e  f ind ings ,  they are expected t o  be  harmless,  because of l o w  p res su re  o r  

innocuous n a t u r e  o r  both.  There a r e  p o s s i b l e  except ions,  no tab ly  Venus, where 

t h e  atmospheric p re s su re  may b e  high. 

t o  wi ths tand  t h e  pressure ,  i t  w i l l  i n  a l l  l i ke l ihood  withstand any chemical 

a t t a c k ,  a t  least f o r  t h e  requi red  dura t ion .  

I f  t h e  equipment is  s u i t a b l y  designed 

3.7.5 Prepulses  

I d e a l l y ,  t h e  only electrical  energy which should reach  t h e  br idge-  

w i r e  of a n  e l ec t roexp los ive  device is  t h e  f i r i n g  pulse .  I n  p r a c t i c e ,  however, 
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t h e r e  may be  o t h e r  e lec t r ica l  s t i m u l i  which w i l l  reach t h e  br idgewires  of t h e s e  

dev ices ;  f o r  example, con t inu i ty  checks and i n - f l i g h t  monitoring pu l ses .  Some 

less obvious sources  of e l e c t r i c a l  energy t o  t h e  br idgewire  are induced c u r r e n t s  

which may arise from e l e c t r o s t a t i c  and electromagnet ic  f i e l d s  and thermo- 

e l e c t r i c  c u r r e n t s  generated by d i s s i m i l a r  metal j o i n t s  subjec ted  t o  temperature  

g rad ien t s .  

The e f f e c t s  of such prepulses  on t h e  i n i t i a t o r  can vary ,  depending upon 

t h e  n a t u r e  of t h e  p repu l ses  and t h e  cons t ruc t ion  of t h e  i n i t i a t o r .  

microscopic  scale, r a i s i n g  t h e  temperature has  t h e  immediate e f f e c t  of i nc reas ing  

t h e  s e n s i t i v i t y  u n t i l  s u f f i c i e n t  decomposition occurs  t o  cause d e s e n s i t i z a t i o n  

as a r e s u l t  of chemical and phys ica l  changes, i f  t h e  energy inpu t  i s  less than  

s u f f i c i e n t  t o  cause de tona t ion .  

On a 

The i n d i r e c t  e f f e c t s  of prepulses  are of two types.  I n  t h e  f i r s t  

type ,  t h e  decomposition of t h e  surrounding explos ive  may produce a change 

i n  t h e  s u r f a c e  c o e f f i c i e n t  of hea t  t r a n s f e r  between t h e  w i r e  and t h e  

explosive.  An a c t u a l  void may be produced, o r  t h e  decomposition products  may 

simply e x h i b i t  a new t r a n s f e r  c o e f f i c i e n t .  I n  e i t h e r  case t h e  s e n s i t i v i t y  

of t h e  i n i t i a t o r  w i l l  be changed ( 4 6 )  and usua l ly  reduced. I f  a s u f f i c i e n t  

number of p repu l ses  of t h e  proper magnitude are appl ied  some ho t  w i r e  systems 

may be  completely d e s e n s i t i ~ e d ' ~ ~ ) .  I n  t h e  second type  hea t ing  t h e  w i r e  wi th  

a p repu l se  may produce a s l i g h t  a x i a l  expansion of t h e  w i r e  causing it  t o  bow. 

It i s  p o s s i b l e  under t h i s  condi t ion  t o  c r e a t e  a void which could a l ter  t h e  

s e n s i t i v i t y  of t h e  h o t  w i r e  in i t ia tor .  

It is p o s s i b l e  that these  effects w i l l  be  less i n  EBW i n i t i a t o r s ,  

s i n c e  decomposition due t o  prepulses  i s  l o c a l  wh i l e  t h e  a c t i o n  of t h e  exploding 

wire on t h e  surrounding explos ive  may be  s t rong  enough t o  overcome l o c a l  

d e s e n s i t i z a t i o n .  

i n i t i a t o r s  t h a t  r e l y  on a thermal s t imulus i n  a d d i t i o n  t o  shock f a l l  s h o r t  of 

being t r u e  EBW's; they  would the re fo re  be  expected t o  react s i m i l a r l y  t o  

hot-wire i n i t i a t o r s .  

It should b e  noted, however, t h a t  many so-cal led EBW 
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The magnitude of t h e  prepulses  can be reduced by sh ie ld ing  t h e  

c i r c u i t s  from s t r a y  f i e l d s  and by l i n i t i n g  p re - f l i gh t  checkout and i n - f l i g h t  

monitor ing s i g n a l s .  The e f f e c t s  of prepulses  can be  reduced by s e l e c t i n g  

i n i t i a t o r  cons t ruc t ions  which employ hea t - s t ab le  explos ives  i n  conjunct ion 

~ 5 t h  sound wmponent conf igura t ions .  I n  gene ra l  t h e r e  is a l a c k  of d a t a  con- 

cern ing  t h e  e f f e c t s  of prepulses ,  and t h i s  i s  an area which should be  f u r t h e r  

i nves t iga t ed .  

p e c u l i a r  t o  space missions,  b u t  is  one which may a f f e c t  a l l  phases of e l e c t r i c  

ordnance. However, because of t h e  r e p e t i t i o n  of t e s t s  and checks,  t h e r e  may 

be  a tendency toward g r e a t e r  exposure of t h e  devices  when i n s t a l l e d  i n  a 

space v e h i c l e .  

test procedures ,  i n - f l i g h t  monitoring checks,  and suspected s t r a y  c u r r e n t s  

from the rmoe lec t r i c ,  e lectromagnet ic ,  or o t h e r  sources .  

It should b e  apparent t h a t  p repuls ing  i s  no t  a circumstance 

The s e l e c t i o n  of i n i t i a t o r s  must be c o r r e l a t e d  wi th  expected 
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4. CHARACTERISTICS OF EXPLOSIVES 

To aid in the selection of suitable explosives, the tables 

below may be useful. 

4.1 Effect of Radiation 

Explosive materials are by nature metastable. In spite of 
this they seem to be quite resistant to damage by ionizing radiation. 
The threshold of damage for most explosive materials is above 10 R. 

Table 8 is taken from work reported by Ka~fman'~~), which 

6 

shows the gas evolved in 4 0  days of irradiation from a .41 MeV source 
whose average radiation is 10 R per hour for a total exposure dose of 
about 10 R. 

5 
8 

TABLE 10 

1PRIU)IATION EFFECTS ON EXPLOSIVES 

Exp lo s ive 
Lead Styphnate 

TNT 

RDX 

PETN 
Lead Azide 

DDNP 

Gas Produced in cclnram 

.07 

.09 - .10 
1.49 

2 . 4 2  

3.5 - 3 . 9 2  

5.6 

Postradiation gas evolution was noted for RDX and lead azide, 
indicating that sustained decomposition had been started in these 

explosives. 

In order to determine the effect of radiation upon an explosive 

element the total expected exposure dose must be accumulated using the 

time and expected radiation flux, and this figure compared with the 
radiation characteristics of each explosive material. 

explosive and the temperature conditions for the entire time before 

functioning of the explosive must also be considered. 

Shielding of the 
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Radiation protection for explosive elements is largely 

a question of shielding. The initiator, a critical part of the explosive 

train should be easy to protect from radiation by shielding because of 
its small size. The larger charges of high explosives, pyrotechnic mix, 

or propellants are much more difficult to shield, but may have less need 

of it, It is likely that these substances are more resistive to radiation 
damage or because the outermost particles tend to shield the others the 

expected damage can be practically offset by a small increase in the 
quantity of explosives. 

4.2 High Temperature and Vacuum Effects on Explosives 

The high vacuum of space can cause high evaporation loss 

This is minimized or entirely elim good many explosive materials. 

in a 
natel 

if the explosive is hermetically sealed in its case, a procedure at 

present called for the Apollo Standard Initiator. 

of course, more difficult with large solid propellant charges. It appears 
that it would be possible to test the effects of high vacuum on large solid 
propellant units if this has not already been done. 

This type of seal is 

Data on vapor pressure or evaporation rate is not readily 
available on most explosives and what is available may not apply to 

space vacuum conditions. Data from vacuum stability tests shown in 
Table11,used to evaluate the temperature stability,is available on most 

explosives but the vacuum usedcomes only within about 5 mm of mercury 
of space vacuum conditions. 

High and low temperature extremes are the most important 

environmental conditions that explosives will encounter in space. 

Temperature has a direct effect upon the rate of chemical reaction. An 

explosion is an extremely rapid chemical reaction; and it is reasonable 

to suppose that the low temperature of space can also cause problems by 

slowing the rate of explosive reaction,by reducing the output, and by 

causing thermal stresses which could crack the explosive. 
of the explosive mass usually increases the rate of reaction by exposing 

more area to hot burning gases in the case of a solid propellant, or it 
may reduce the output by producing a discontinuity in the explosive train. 

Fracture 
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Long time storage at low temperature would retard decomposition 

reaction in explosive materials, thereby prolonging storage life. 

TABLE 11 

HIGH TEMPERATURE AND VACUUM EFFECTS ON EXPLOSIVES 

Nitrocellulose (12.6%) 

DDNP 
PETN 

RDX 

Lead styphnate 

Lead azide 
Ammonium perchlorate 
TNT 

d decomposition 
* 5 m m H g  

Explosion 
Temp "C 

170 d 

195 
225 d 
260 d 

282 

340 
435 

475 d 

Wt. loss 
percent 

for 48 hrs 
at 100°C 

2.10 

.10 

.04 

.38 

.34 

.02 

.20 

Vacuum* 
stability 

cc/gm/40 hr at** 
100°C 

1.0 (11. at 120°C) 
7.6 

.5 (11. at 120°C) 

.7 

.4 
1.0 
.13 
.10 

** Tested in one gram samples for initiating explosives and 5 grams for 
others. 

Several secondary effects of high temperature on explosives 

are of importance and must be considered. Chemical compatibility 
reactions, certain radiation decomposition reactions and the rate 

of evaporation under space vacuum will increase with increased temperature. 

In Table 11 the first column gives the temperature which will 

cause explosion or decomposition in 5 sec. 
respectively the percentage decomposition at 100°C on a weight loss basis 

and the volume of gas evolved under vacuum (a test of stability). 

actual operating high temperature limit would be somewhere below the 
5-second explosion temperature in column one,depending upon the time- 

temperature characteristics and other conditions which may affect de- 

composition, such as compatibility. 

The next two columns show 

The 
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A great deal of data are available for explosive ordriance 
systems for temperatures of 160°F (71°C). 
enough temperature €or space application. Estimates of temperature 

extremes for a Lunar or Mars mission (see Figures 2-1, 2-2 of report 

P-B2333-4) give a range of -234°F (-148°C) to 315°F (157°C) for up 
to 250 days. This high temperature, sustained for more than an hour, 

is just within the present capability of special high temperature 

explosive materials. 

with a high temperature in the vicinity of the planet of 800°F (427"C), 
is out of the question with present explosives. However for very short 

times, insulation may make it possible to use explosives under these 
conditions. 

This may not be a high 

The Venus mission (Figure 2-3 of report P-B2333-4), 

Explosives systems intended to function at 315OF (157°C) 
must be tested for functioning at or after exposure to this high 

temperature, depending upon the requirement. To the best of our 

knowledge almost no explosive component is tested for functioning at 
the high or low temperature extremes. 

test pertains to storage conditions, and the functioning test was made 

at ambient room temperature. If it is required that the space explosive 
device operate at low or high temperature extremes, the firing tests 
used to determine the sensitivity and output of the explosive element 
should also be made at these temperatures. 

The 160°F high temperature 

Considerable work has been done to improve the temperature 
sensitivity of explosive elements. 

to develop new high temperature explosives, and to find means of initiating 

them without using the temperature-sensitive primary explosives. 

Much classified work has been done 

In general there is a great deal of information available 
on the use of explosives under various environmental conditions. The 
missing information in this field seems to be at the extreme environmental 

conditions and more specifically at long time periods at these conditions. 
These environments are temperature, radiatioqand space vacuum. Also 

combinations or interactions of these environments may be important and 

need additional research to define their effects more clearly. 
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5. CONCLUSION AND SUGGESTED FUTURE STUDIES 

The science of space environment is a new and rapidly ex- 

panding field. 
being generated. 

these data will be out of date. This, of course, suggests that a 
continuous monitoring of the research projects be done. 
in mind, we have prepared a summary of the data obtained during the 
course of this survey. 

Even as this report is being written new data are 
It is conceivable that within ayear's time most of 

Keeping this 

a. Temperature Pressure Duration Environments 

A study of the profiles listed in the report indicate that the 
most hazardous environment in terms of explosive initiators would occur 

on entering the atmosphere of Venus. The high temperatures which might 

be encountered are beyond the ability of present explosives to withstand. 

Furthermore, the pressure which might possibly exist near the surface of 

Venus is of a magnitude for which initiators are not normally designed 
or tested. 
however. 

relatively short on early missions, the temperatures are so high that one 

must either find means other than explosives to accomplish necessary tasks, 
develop new explosives or protect the initiators from the temperature. 

Performance at such pressures could be checked rather easily, 

While the time spent in such an environment would probably be 

A somewhat less conspicuous problem could occur in passage between 
In this case extremely low pressures and both very low and the planets. 

very high temperatures exist for extended periods of time. 

speaking, there are explosive devices capable of withstanding these 

pressures and temperatures we are approaching marginal conditions, and 

explosives may be subjected to such environments for many many months 
before being expected to function. 

are indicated. 

While, generally 

Extensive tests of any final design 

The welding effects that occur as a result of the extremely low 

pressures occurring must be kept in mind wherever the explosive device 

performs a mechanical function such as in a piston motor for example or 

whenever the explosive initiator is in a mechanical safety device such as 

an out-of-line rotor. 
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b. Electromagnetic Radiation Environment 

A study of the literature indicates that the most hazardous 
source of natural electromagnetic radiation in space is the Sun. An 
analysis of the solar spectrum has been completed from low frequency 

radio waves though x-rays and all indications are that levels are such 
as to constitute no serious hazard ex7en f o r  an extended period of time. 

The most serious problem is that of temperature control of 
the vehicle due to absorbtion in the ultraviolet infrared band. Excellent 

progress has been made in this area. 

report, a text book on theory and methods of obtaining this temperature 
control was published and is included in the bibliography even though 
we do not reference it in the text 

During the writing of this final 

( 4 9 )  

c. Other Electrical Environments 

One of the potential hazards to explosives in spacecraft is 
presented by the electrical discharges that might occur as a result of 
lightning or electrostatic charge build-up. 
that the lightning hazard, at least in earth atmosphere, could be 

minimized by choice of launch time and proper protection of the launch 
site. However,the possibility of lightning in the atmosphere of other 
planets or even during reentry into earth's atmosphere must be considered 

since in these instances one may have no control over the temporal factor. 

In general it would seem 

The electrostatic charge build-up problem is one that may be 

with the spacecraft under any conditions. 

report that the amount of spark energy required to initiate a given 
It is pointed out in this 

explosive is also a function of the amount of series resistance in the 
initiating circuit and that the values of resistance at which some 

explosives appear to require minimum energy are of the same order of 
magnitude as might be expected from leakage paths on insulators. 

Because of this there can be considerable risk in extrapolating 

the data from a simple circuit laboratory test of initiator electrostatic 
sensitivity to all of the installations on a spacecraft. Careful and 

complete testing of the final design is indicated as well as designing 
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of the initiator and associated circuits to minimize any possibility 

of firing from an electrostatic source. 

d. Particle Environment 

The Van Allen belt and our Sun both serve as rich sources of 

relatively high energy electrons and protons. 

tion on explosives indicates that the common ones are relatively insen- 

sitive to this radiation; however, intensive irradiation can only degrade 

the explosives. Of more immediate concern are the other circuit com- 
ponents that may make up the firing circuit. Transistors, semiconductors, 

and similar components have been shown to be quite sensitive to such 
radiation, and some plastics can have their properties completely changed 

by it. 
that show very little effect. 
should be incorporated. 
these should be studied further. 

Fortunately present informa- 

The materials used in the initiator should be chosen from those 
Whenever possible proper radiation shielding 

Cosmic rays have been only lightly considered; 

The larger particles such as meteoroids, asteroids and solar 

dust are generally of such a size that should a direct hit on an initiator 
occur, the initiator could be completely destroyed. However, the probability 

of this occurring is apparently quite small and probably grows even smaller 
as the particles become larger and therefore more damaging. 

possible to minimize the likelihood of such collision by proper choice 

of spacecraft course, and it is assumed that such procedures would be 
followed, particularly for a manned spacecraft. This is a case, however, 

where redundant circuits may be an added safeguard. 

It is also 

One special case must be kept in mind. This has to do with 
meteor showers. At least two craft ceased operation after encountering 
such swarms. 

many such showers, so that they can be avoided, but we cannot be certain 
that there are not others in space still unknown. More information is 

needed regarding the actual effect of these showers on spacecraft if 
protective means are to be employed. 

Astronomers have catalogued and can predict the location of 
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e. Chemical Environment 

The possibility of chemical changes occurring in the 

initiators as a result of particle irradiation has been subjected to 

some study and it was concluded that it was probably of not much concern. 

In addition, on-board chemical environments such as produced by the men 
themselves or by functions of the spacecraft also appear to be only a 
minor hazard. 

environments represented by the atmospheres of other planets is indicated 

and should be considered when more information on the atmosphere becomes 
available. 

Some additional analysis of this problem and the chemical 

One potentially serious problem has been uncovered, which has 

to do with microorganisms and sterilizing processes. 
microorganisms themselves would not seem to offer any serious problems 
except on the longest of missions where some effects might be possible. 
The sterilizing procedures being used to eliminate these microorganisms 

is of more immediate concern, and while no specific problems are defined, 
the temperature and chemicals used should be carefully studied in terms 

of their possible effects on explosive initiators. 

In general the 

Another factor that should be considered is the incorporation 

of sterilization procedures in each step of the initiator construction 

so that the final device is already up to standards. 

f. Shock and Vibration Environment 

This is a region in which specific data is still being compiled 

and not all parameters have yet been defined. 
immediate course is to continue to apply present specifications and tests 

to initiators until more information is obtained. 

It would seem that the best 

In summary the study has indicated that there is no environmental 

problem so acute that instantaneous action is required. This is generally 

borne out by the success of our present mission in space. However, there 

are several areas which should be investigated and suitable steps taken 

to insure the safety and reliability of explosive devices as space missions 

become more extensive and complicated. An orderly program of investigation 

and correction is indicated. 
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It should be reemphasized that while the statements 

made in this report are accurate within the present state of knowledge, 

we are continually learning more and more about space environment, and 

the operation of explosive devices in such environments should be con- 
tinually reviewed as our knowledge improves. 
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and Near Lunar Operations, NASA TN-D-2747, Wash. D.C., April 1965. 

Good visualizations of meteor swarms. 

Butler Clay P. and Robert J. Jenkins, Temperature of an Iron Meteoroid 
i n  Space, Science, Vol. 142, No. 3599, pp. 1567-1568 (20 Dec. 1963). 

Concludes Temp. is 90°C 

Buchenauer, R. L., C. W. Douglas, D. H. Cartolavo, H .  D. Colwick, 
Materials for the Space Age, ASD-TDR-63-688, AD 428 066, Sept. 1963. 

Gives a review of role materials will play in several advance 
system concepts. Discusses material problems in connection with 
primary & secondary structures, environmental protection, electronics 
and energy transfer systems. 

Gallium arsenide shows promise as the next important semiconductor 
to be developed. 

Chapin, W. E., D. J. Hamman and E. N. Wyler, The Effect  of Nuclear 
Radiation on Transducers, REIC Report 825, 19 April 1963, Battelle 
Memorial Institute Columbus 1, Ohio 

Covers components parts as well as entire units and therefore 
give good breakdown data on lubricants etc. 

Chapin, W. E., D. J. Hamman, E. N. Wyler and D. Jones, Space Radiation 
Dmage t o  Electronic Components and Materials, Report #32 REIC, 
Battelle Memorial Institute, October 30, 1963, Columbus 1, Ohio 

Gives good estimates of damage to specific items, transistors, 
diodes etc. as well as effects upon conductivity etc. 

Clarke V. C., Jr. et al, Earth-Venus Trajectories, 1964, Jet Propulsion 
Laboratory, Technical Memorandum No. 33-99, October 31, 1962. 

Computed trojectories as indicated by the title. 

Clevenson & Tereniak, Comparison of Prelaunch and Flight Vibration 
Measurements on Thor Vehicles, Naval Res. Labs. Shock and Vibration 
Bulletin 33, Part I1 (Feb. 1964), p. 47. 
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A paper given at 33rd Symposium on Shock, Vibration and Associated 
Environments, Wash. D.C. Dec. 1963. 

A comparison of flight data for nose fairings. 
survey on forward equipment compartment of Thor with flight data; 
flight results compared with payload environmental test specifications 
(Author) 

Results of vibration 

Conrath, B. J., A Survey of the Methods Developed for  the Inversion of 
&he Radiative Transfer Problem for  Planetary Atmospheres, NASA TN 0-2940, 
August 1965. 

Methods of determining the temperature of atmospheres of planets. 

Cornog, R. A. Temperature EquiZibria i n  Space Vehicles, Journal of 
Astronautical Science, Vol V No. 1 pp. 64-67, (Spring 1958). 

The equilibrium temperature reached within a space vehicle moving 
within the solar system is discussed. 
configuration, vehicle attitude, surface properties, and internal 
heat release are evaluated. 
methods of vehicle design whereby the range of equilibrium temperatures 
can be set at some desired value. 

The effects of vehicle 

Particular attention is given to 

Ciccotti James M., An AnaZysis of Fire and Explosion Hazards in Space 
Flight, WADD Technical Report 60-87, Wright Air Development Division, 
October 1960, AD 252 762. 

General background on the planets and interplanetary travel. 
Very little on fire and explosion hazards. Good information 
on meteroid penetration. 

Daniels, G .  E., Editor, Terrestrial Environment (Climactic) Criteria 
Guidelines for Use i n  Space Vehicle Development, 1964 Revision, NASA 
T, X-53023 March 13, 1964 

Discusses Temp., Humidity Precip. Winds & other atmospheric effects 
to be expected at U. S. missile launching sites. 

Davidson J. R. and P. E. Sandorff EnvironmentaZ Problems of Space Flight 
Structure, 11, Meteoroid Hazard, NASA, Jan. 1963., Wash. D.C. 

The meteoroid environment and the effects of hypervelocity impact 
on space vehicles are described. 

Dow, N. F. , P r i m q  Proton Protection, Space Sciences Lab., General 
Electric, King of Prussia, Pa. September 1961, NASA 

Mathematical treatment of shielding problem and some recommendations. 

Dye Daniel L., Gunning Butler, Jr., Computer CaZcuZations of Doses from 
Protons i n  Space, Journal of Astronautical Sciences Vol. IX No. 1, 
pp. 63-71, (Spring 1962). 

Useful for attenuation provided by detonator cases vehicle skin etc. 
Allows expression of "material" exposure in terms of environment and 
grams/centimeter construction. 
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Eichelberger R. J., et al, Sixth Symposiwn on Hypervelocity Impact, 
The Firestone Tire 6r Rubber Co. (Conference Host), DDC, 
Aug. 1963, Alexandria, Va. 

This document pays special heed to the construction of a meteor 
bumper as proposed by Whipple several years ago. 

Eppley, R. W., SteriZization of Space Probes, April 1961, NSL 62-26, 
XASA Corrtract No. NAS 7-100. 

Discusses techniques for sterilization. Recommends that components 
not be affected by 125OC for 24 hours and where possible to be 
tolerant of high humidity for liquid sterilization with B proprolactons. 

Evans R. D., Principles for  the Calculation of Radiation z s e  Rates i n  
Space Vehicles, MIT, ASTIA, July 1961, Arlington, Va. 

This report gives methods for calculating dose rates in space 
vehicles. Also gives range-energy data for various materials. 

Falterman C. W., Formulation of an Explosive t o  Withstand 600°F or 
Higher, U.S. Naval Ordnance Test Station, China Lake, Calibrnia, 1963, 
Confidential. 

Includes 8 monthly reports for the period March 1963 to 27 Nov. 1963. 
Project number MIPR PG-3-17 Nos. 1-8. 

Foelsche T., C'urrent Estimates of Radiation Doses i n  Space, NASA TN-D-1267, 
Wash., D. C., July 1962. 

Radiation intensity in space, man oriented, some shielding discussed. 

Foelsche T. F., Estimates of Current Radiation Doses i n  Space on the 
Basis of Current Data, NASA Wash, D. C., May 1962 

Deals with cosmic events, biological emphasis. 

Fry B. M., Mohrhardt F. E., Space Science and TechnoZoav, VoZ. I ,  Guides 
t o  Information Sources i n  Science and Technolog& Wiley & Sons, New York 
1961, pp. 80-93. 

This volume tells where to get the information that we need. 

Gault, E. D. 
Impact, NASA TN-D-1767, Washington D. C., April 1963. 

et al, Spray Ejected from the Lunar Surface by Meteoroid 

Particles ejected from moon surface due to impact of interplanetary 
debris. 

Gertel, M., Vibration and Shock Testing, Space Aeronautics R&D Handbook, 
September 1964. 

A review of the state of the art in vibration and shock testing; 
a sampling of standard specifications for space vehicles and 
weaknesses. 
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Goedeke, A. D., Swmnary of Present Knowledge on Space Radiatio-n, 
Engineering Paper No. 1567, 1963 National Winter Convention on Military 
Electronics. February 1, 1963. Douglas Missile & Space Systems Division. 

Good summary of radiation data. 

Goldmann, J. B. and W. L. Hollister, Effects of Micrometeorites on Space 
Vehicles, an annotated bibliography, DDC, July 1961, Washington, D. C. 

Bibliography on cosmic dust and micrometerites. 

Gros, G., The Combined Effects of Space Environmental Parameters Upon 
Sate l l i t e  Systems and Components, An Annotated Bibliography, Lockheed, 
DDC, January 1964, Alexandria, Va. 

Bibliography on space environment. 

Gray, D.N., F. S .  Bonomo, Study on the Effects of Temperature Cycling 
on High Explosives, Technical Documentary Report No AFSWC-TDR-62-16, 
March 1962, Denver Research Report. 

TNT & TNFF subjected to thermal cycle and UV radiation. Both 
showed degradation. 

Green, A. E. S., and C. A. Barth, Calculations of Ultraviolet Molecular 
Nitrogen Emissions From the Aurora, Journal of Geophysical Research, 
Vol. 70 No. 5, March 1, 1965 

Ultraviolet action in he earth's atmosphere. 

Guest, P. G., et al, Sta t ic  Electricity in Hospital Operating Si tes ,  
U. S .  Bureau of Mines, Bulletin 520, 1953. 

A specialized treatment of static hazards in hospitals. 

Hagen, C. A. and R. Jones, Life i n  Extraterrestrial Environments, 
NASA Report N64-16745, 

Studies of bacteria in simulated Martian Environment 

Hamman, D. J. and E. M. Wyler, Space Environmental Effects on Materials 
and Components, Volume I1 Electronic and Mechanical Components, by 
Hannum and Wyler. 

Redstone Scientific Information Center April 1964, Redstone 
Arsenal, Alabama. Second of two volume literature survey. 

Hakwia, Y., and Masao Nagai Synthetic Study of Severe Solar-Terrestrial 
Disturbances on Feb. 9-12, 1958, J of the Radi Laboratories (Japan) 
Vol. 11, NO. 56, pp-197-250 (July 1964). 

Detailed study of effects of one of the largest solar disturbances 
recorded. 
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Hess, R. E. and R. F. Badertscher, Space Radiation as an Environmental 
Constituent, REIC Memo 19, 15 Jan. 1960, Battelle Memorial Institute, 
Columbus 1, Ohio. 

Preliininary study of inner space radiation. 
moon probes. 

Some discussion of 

Hess, W. N., Neutrons i n  Space, NASA TN D-1696, Wash., D.C. February 1963. 
Very brief discussion of Space Neutrons. 

Hess, W. N. Editor, AAS-NASA Symposium on the Physics of Solar Flares, 
Goddard Space Flight Center Oct. 28-30, 1963, Greenbelt, Maryland. 

This is an all inclusive volume on solar flares. It contains 
data and description of all energy processes emmanating from the sun. 

Hoffman, F. E., Advanced Mission AnaZysis Study, Lockheed - California 
Company LR17358, Oct. 28, 1963. 

Results of a study of the following space missions: 
1. Unmanned fly-by with Entry Probe to Jupiter 
2. Manned Lunar Base 
3. Earth Arbitary 
4. 
5. 

Manned Mars Landing and Return 
Unmanned Sample Return from Venus 

Honda M., and J. R. Arndel, Effects of Cosmic Rays on Meteorites, 
Science, Vol 143, No. 3603, pp. 203-211, (17 Jan. 1964). 

Important short-exposure evidence of intense radiation from 
Solor Flares or "extensive" passage through Van Allen Belt. 

Ishimoto T. and B. W. Randolph, Prediction of Transient Thermal Environments 
i n  Space Vehicles, Electrica Engineering, Dec. 1960, pp. 1014-1022. 

A simple method for mathematically predicting thin isothermal 
shell temperatures in earth orbit vehicles. 

Jacchia, L. G. and et al, An Analysis of the Atmospheric Trojectofies 
of 413 Precisely Reduced Photographic Meteors, 

Special report Smithsonia Institution Astronomical Observatory. 
No. 175 Cambridge, Mass., 23 April 1965. 

This report concludes that only one of the 413 meteors photographed 
by the Super-Schmidt Cameras could have originated in the asteroid 
belt. 

Jacobs, G. J. Editor, Proceedings of Conference on Radiation Problems 
i n  Manned Space Flight, NASA, TN-D-588, 21 June 1960, Washington, D.C. 

Radiation hazards to man. 
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Nagovara, T.N., et al, Preliminary Results Concerning the Investigation 
of Meteor Material Along the F l i g h t  Trajectory of the Mars-I Space 
Probe, (Soviet Acad. Sci), Washington, D.C. NASA November 1963. 

This report gives a description of meteor data received by the 
Soviets from their Mars-I Probe. 
unknown meteor swarms and ceased operating during the second 
swarm. 

The probe encountered two 

Naugle, J. E., and D.A. Kniffen, The PZ*a md f i . 9 ~ 3 1 ~  -9ectra of the 
Protons i n  the Inner Van Allen B e l t ,  Wash., D.C. NASA TN-D-412, 
Sept. 1960. 

Discussion of Van Allen Belt. 

Neugebauer, M., The Space Environment, Jet Propulsion Laboratory, 
Technical Release No. 34-229, 16 December 1960, AD 250-885. 

A bibliography on conditions in space. 

Newman, M.M., J.D. Robb, and E. H. Yonkers, Aircraft Protection from 
Thunder Storm Electromagnetic E f f e c t s ,  AIEE Aerospace Transportation 
Committee, June 12, 1962. 

General dissertation on lightning effects to structures & communications 
equipment of airplanes in the lower atmosphere. Some protective 
means are discussed. 

Newman, D.B.,  Qxzc~ Veh&?%c! Ueetmwiks , P. Van Nostrand Co., New York, 
pp. 133-139. 

Discussion of equipment used in spacecraft and how equipment 
can be affected by space environment. 

Nicolet, M., Nitrogen Oxides i n  the Chemosphere, Journal of Geophysical 
Research, Vol. 70, No. 3, pp 679, 689. 

A study of reactions involving nitrogen oxides. The essential 
aeronomic reactions depend on ozone and atomic oxygen. 

O’Brien, B.J., et al, AbsoZute Electron Intensi t ies  i n  the Heart 
of the Emth’s Outer Radiation Zone, Contract NASA-17, State Univ. 
of Iowa, RCVD, Aug. 1962. 

A study of radiation intensity near the earth. 

O’Brien, B.J., Measurements of the Intensity and Spectrum of Electrons 
a t  1000 Km Altitude and High Latitudes, State Univ. Iowa, Contract 
N9 onr93803, January 1962. 

Readings taken during July and August 1961. 

Ogilvie, K.W., Solar Protons, NASA, TN D-1139, Washington, D.C., 
July 1962. 

A lecture on protons observation & detection. 
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O'Neal, R.L., The Explorer XXIII Micrometeoroid Sate l l i t e ,  NASA 
Langley Station Hampton, Va., February 1965. 

A good description of micrometeoroid fluxes in the vicinity 
of the earth. Descriptions of experiments on board and data 
reduction procedures are given. 

Owen, R., The Martian Environment, NASA Technical Memorandum X-53167, 
November 19, 1964. 

Information on the environment of Mars gathered by a literature 
survey. Included information on surface features and atmosphere. 

Owen, R.B., Theoretical Model Atmospheres of Venus, NASA TN D-2527 
January, 1965. 

A summation of the various modeles of the Venus atmosphere. 
Advocates a model of the greenhouse variety with more extreme 
surface conditions than previously suspected. 
extreme surface conditions. Contains 50 references. 

Indicates 

Paul V.R., Mechanical Shock From Frangible Joints, Shock & Vibration 
Bulletin 33, Part IV, Nav. Res. Labs., (Mar. 1964), p .  63 

Description of work done on frangible joint shock at Lockheed 
Missiles and Space Co., and results. Shocks produced from 
frangible joints during stage separation are of extremely 
high amplitude (100-3OOOg) at 600-6000 cps. (Author) 

Pereira,E., Cosmic Ray Measurements and Measuring Devices, Astronautics 
Information, Literature Search No. 230, NASA, Washington D . C .  
Jan. 1960. 

This is a survey of the periodical and report literuature 
published on cosmic rays with Emphasis on Cerenkov radiation. 
(A bibliography) 

Piersol, A.G., Measurement and Interpretation of Ordinary Power 
Spectra fo r  Virbation ProbZems, Measurement Analysis Corporation, 
Los Angeles, California, Sept. 1964, NASA CR-90. 

Power spectral density functions from practical engineering 
viewpoint with emphasis on applications to analysis of flight 
vehicle vibration data. 
for measuring power spectra outlined. 
for vibration data stressed. Applications to simple cases of 
structural vibration prediction problems. 
relationships are accompained by expository material and examples. 
Supporting developments and proofs included in appendices and 
references. 

Analog instruments and techniques 
Fundamental interpretations 

Pertinent mathematical 
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Rae, W.L., Vistas i n  Radio Astronomy, Spaceflight, Vol. 11, 
NO. 3, pp. 83-89, (July 1959). 

Gives frequencies of radiation from sun and planets. 

Redus, J.R., Sputtering of a Vehicles Surface i n  a Space Environment, 
NASA, Wash., D.C. June 1962. 

The rate at which a vehicles surface is sputtered by the earth's 
atmosphere, by radiation belts, and by solar corpuscular radiation 
are calculated. 

Richard, R.J., et a1 Earth-Moon Trajectories, 1964-69, Jet Propulsion 
Lab., Technical Report No. 32-503, May 1, 1964. 

Computed Trajectories as indicated by the title. 

Robey, D.H., Radiation Shelters for Lunar Exploration, Journal of 
Astronautical Science, Vol. VI11 No. 1, pp. 62-63, Spring (1961). 

Biological, but with some dose figures that are interesting. 

Rogallo, V.L. and F. Neuman, A wide Range Piezoelectric Momentm 
Transducer f o r  Measuring Micrometeoroid Impacts, by Ames Research 
Center, NASA, July 1965, Wash. D.C. 

A new piexoelectric mementum transducer has been developed. 
It is sensitive to dyne-sec. 

Schack, M., Thermal Control of Spacecraft, Space/Aeronautics Vol. 44, 
NO. 1, pp. 55-61 (July 1965). 

Escellent article on how the temperature of space vehicles 
is controlled. Includes data on Mariner 4 .  

Schwariger, A.J., Trajectories i n  the Earth-Moon Space with Symmetrical 
Free Return Properties, NASA Technical Note D-1833, June 1963. 

As described by the title. 

Shober, F.R., !The Effect of Nuclear Radiation on Structual Metals, 
REIC 620, 15 Sept. 1961, Battelle Memorial Institute, Columbus1,Ohio 

Gives good data on change of properties, especially upon 
exposure to neutrons. 

Sinton, W.M., PhysicaZ Researches on the Brighter Planets, Air Force 
Cambridge Research Laboratories, September 30, 1964, AD 609 547. 

Information on thickness of dust in lunar craters; radiometric 
temperatures of Mercury, Venus, Mars, Jupiter, Saturn, and 
Uranos. 

Smith, R.E., Editor, Space Environment Criteria Guidelines f o r  Use 
i n  Space V.hicle Development, NASA TMX-53142. 

Gives parameters for various environments to be found in space 
as well as the atmosphere of the moon, Venus 61 Mars. 
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Smith, R.D., Fuze Explosive Trains, quarterly report, Universal 
Match Co., RbD Dept. Crab Orchard Plant, Feb 1, 1960, Confidential. 

This report deals with the development and clarification of 
problems in the design of high temperature detonators. The 
development of new high temperature primary explosives. 
The development of hot wire sensitive gasless igniter materials. 

Stott, B.A., D.A. Sbrocca, A New Insensitive ExpZosive Composition for  
High Temperature Applications, E. S. ilaval Ordnmce Test Station, 
China Lake, Calif., 1 October 1960, Confidential 

The investigations described were performed to supply the need 
for an insensitive explosive with good mechanical properties 
and dimensional stability over a wide temperature range. 

Stott, B.A., Sbrocca D.A., HMX-DATB Explosive Compositions for  High 
Temperature Resistance and High Ehergy, U. S. Naval Ordnance Test 
Station, China Lake, Calif., 1 Dec. 1960, Confidential. 

The work described was an outgrowth of a project designed to 
develop a heat resistant explosive formulation. 

Stahman, J.R., Natural Interference ControZ Techniques, Part 111: 
Electromagnetic Transient Penetration of Aerospace Vehicle System, 
Technical Report, ASD-TDR-63-370, NWL, Wash. D.C., October 1964. 

Section on Plasma and coronal discharge might be of interest. 
The remainder is about lightning. 

Swift, Janet, Effects of SteriZizing Agents on Microorganism, 
J.P.L. Astronautics Information March 1963, NASA Contract No. 
NAS 7-100. 

A partially annotated bibliography of chemical & physical 
agents used for the sterilization of microorganisms in the 
field of astronautics. 

Thatcher, R.K., The Effect of Nuclear Radiation on Electronic Components 
Including Semiconductors, REIC report 1\36, Battelle Memorial Institute 
Columbus, Ohio 43201, 1 October 1964. 

Good data guide covering the last 3 years as well as previously 
published REIC data. 

Thrane, E., EZectron Densit2 Distribution in Ionosphere and Exosphere, 
John Wiley 61 Sons, Inc., 1964. 

The title describes the material covered. 

Tilson, S., The Surface of the Moon, Space/Aeronautics, Vol. 41, 
No. 3 pp. 62-64 (March 1964). 

Good f o r  Mechanical People 
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Ulwick, J.C., et al, Direct Satel l i te  Probe Measurements of 
Ionospheric Irregularities i n  the F Region and the Polar Cap. ,  
Air Force Cambridge Research Labs Dec. 1964, Bedford, Mass. 

Van Driest, E.R., Editor, T o w d s  Deeper Space Penetratkv?, 
Volume 2,\American Astronautics Society, 1964. Call No. 629.455, 
V287t. 

One section on lunar and plantary environments is useful, for 
this project. 

Vanderschmidt, G.F., B e h i o r  of Materials in a Space Environment, 
Lion Research Corporation, December 5, 1960, DDC No. AD 454 095. 

Deals with the environment in space between earth and its 
moon and behavior of materials in this environment. 

Vance, E.F., L.B. Seely, and J. E. Nanevicz, Effects o f  Vehicle 
EZectrification on ApoZZo Electroexplosive Devices, Final Report 
Contract NAS 9-3154, MSC, December 1964. 

Very comprehensive. 

Valley, S.C., Space and Planetary Enviroments, Air Force surveys 
in geophysics No. 139, GRD Bedford Mass., January 1962. 

An extremely good volume. 
Venus, etc. 

Covers the entire problem, Mars 

Vernov S.N., and L.I. Dorman, Cosmic Rays, NASA TT F-126, NASA 
July 1964, IGY Sect VI1 No. 3 

A good reference volume on cosmic rays and their detection 

Vernov, S.N., and L.I. Dorman, Cosmic Rays, NASA TT-F-127, NASA 
June 1964, IGY Sect VI1 No. 4, Moscow 1961. 

A good reference volume for calculating solar radiation 
intensities, magnetic storms & other solar system radiation 
phenomena. 

Veazie, W.R., and S.F.Collier, A Selected Bibliography of Pulsed 
Radiation Effects, REIC memo #24, Battelle Memorial Institute, 
Columbus 1, Ohio , 1 June 1963. 

This is a good "where to get the information" guide. 

Vosteen, L.F., Environmental Problems of Space Flight Structures, 
Ionizing Radiation in Space and i t s  Influence on Spacecraft Design, 
Tech. Note, NASA D-1474, October 1962, Washington, D.C. 

General introduction to space radiation with data on shielding. 
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Wallner, L.E., and H. R.Kaufmann, Radiation Shielding fo r  Manned Space 
Flights, NASA, TN-D-681, Washington, D.C., July 1961. 

Bilogical shielding. 

Weller, J.F., et al, ,@ace Radiation Effects,  Electro Technology 
pp. 116-124. 

Some insight to chemical effects, contains early satellite 
data. 

Williams, N.A., and D. Christensen, Rockets i n  Space Environments 
VoZ. I I -  The Space Environment, Report RTD-TDR-63-1050, Contract 
No. AFO4(611)-7441, Peb. 1963. 

Environmental factors constituting the space environment 
between 300 and 22,000 n.mi. Altitude are discussed and 
defined. 
(including Van Allen, solar Flare, and primary cosmic 
radiating), electromagnetic radiation (From both earth and 
sun), temperature and pressure in the exosphere, and 
meteroids (both asteroidal and cometary). 

These factors are ionizing particle radiation 

Witten L., and H. Hanson, F i n a l  Report on Investigation o f  the Heavy 
Component of the Primary Cosmic Radiation, AFCRL-862, Contract No. 
AF 19(604)-3868, RIAS Baltimore, Md., June 1961. 

Tells how,to build the instrumentation for a detector. 

Wulfsberg,K.N. and J. A .  Short, Solar  Temperature Measurements 
a t  25 and 35 Gc, Report AFCRL-65-75, Air Force Cambridge Research 
Laboratories, Project 4600, 2/65. 

Attenuation of 15 and 35 Gc signals by Earth atmosphere 
using the sun as the source. 
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AIM Space Simulation Testing Conference, American Institute of 
Aeronautics, November 1964, AlAA Publication CP-11. 

A volume of the papers presented at this conference 
on space simulation. 

Symposium on Materials for Aircraft, Missiles, and Space Vehicles, 
American Society for Testing and Materials, 1916 Rach Street, 
Philadelphia, Pa. 19103, 1963. 

Discusses the combined environmental effects of space and 
the upper atmosphere on space vehicles and aircraft. 

Apollo Standard Initiator, NASA Manned Spacecraft Center, Houston 
Gives, specifications, drawings test procedures etc on the 
Apollo Standard Initiators, detonator cartridge, igniter 
cartridge, pressure cartridge. 

Charge Particle, Neutron, and Garrunan Ray Damage to E=cpZosives, 
A report Biblography from 1953 to Sept. 1962, ARB No. 11 600 
IS-A57, Secret. 

Lists many classified and unclassified reports. 

The Dynamic Environment, National Capitol Chapter, Institute 
of Environmental Sciences. Dec. 1962, N63-20876. 

Lecture notes from a series of twelve lectures given 
George Washington University Washington, D.C., Dec. 1962. 

Covers general problems in all phases, emphasizing vibration, 
acoustics, thermal and vacuum environments. 

Explosive C k g e  Design Handbook, AMCP-706-179, U. S. Army Material 
Command. 

Good reference on explosive charges design. 

Investigation of H e h  speed Impact Phenomena, by Space Technology 
Labs. NASA N62-11331, Wash., D.C., Nov. 1961. 

Studies of the impact ionization effect. 

Investigations of StructuraZ Implications of Meteoroid Impact, 
Air Force Flight Dynamics Laboratory, NASA N64-29646 July 1964 
TDR- 64 9 6 

Protection against hypervelocity debris. 

Mars-Venus Capsule Parameter Study, RADD, AVCO Corporation, 
RAD-TR-64-1, NASA N65-16498, March 21, 1964. 

A study to provide design data for entry bodies penetrating 
the Mars and Venus atmospheres. 

Micrometeoroid Satellite Explorer XIII, by Lewis Research Center 
Staff, NASA, TN-D-1986, Washington, D . C . ,  October 1963. 

Stainless steel penetration rate experiment. - 105 - 
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M i l i t a r y  Explosives, TM 9-1910 to llA-1-3d, Dept. of Army Technical 
Manual April 1935, Good General ref on military explosive. 

Military Pyrotechnics Series Part Three, Properties o f  Materia2 Used 
i n  Pyrotechnics Corporation, AMCP 706-137, U.S. Army Haterial Command, 
Ref. on Pyrotechnics, Oct 1963. 

MIL-S!TD-300, 6 July 1951 Jol t  Test for Use i n  Development of Fuzes. 

MIL-STD-302, 6 July l951, Jumble Test for  Use i n  Development of Fuzes. 

MIL-STD-302, 6 July 2951, Forty (40)  Foot Drop Test for Use i n  
Development of Fuzes. 

MIL-STD-8ZOA (USAFI 23 June 1964, EnvirownentaZ Test Methods for 
Aerospace and Ground Equipment. 

Standard test methods to be used for new engineering and design: 
supercedes MIL-STD-810 (USAF) 1962. 

NASA Third  Manned +ace F l i g h t  Meeting, November 1 1964, American 
Institute of Aeronautics and Astronautics, AlAA Publication CP-10. 

A volume of papers which describe some methods of solving 
the problems of manned space flight. 

New Heat Resistant Explosives, Naval Weapons Lab., data sheet, Silver 
Springs, Md., 1965. 

A list of properties of 5 high temperature explosives with a 
bibliography for further reference. Confidential. 

The Natural Environment for  the Manned Orbitrary Laboratory System 
Program (MOL), Air Force Cambridge Research Laboratories, AFCRL-64- 
345, 25 October 1964 

Specifically describes the region of the earths atmosphere 
at 300 Km altitude. Good information for earth orbit 
situation. Extensive Bibliography. 

PZunetary Flight Handbook, Part 2 and Part 3,  NASA SP-35, 1963. 

Parts 2 and 3 of 3 volumes containing computed trojectionices 
for Earth-Mars and Earth-Venus flights and the converse. 

Properties of Explosives of Military Interest  ORDP 20-277 Ordnance 
Corp. Pamphlet May 1960, (ORDP 20-178 classified section). 

Good reference on explosive properties. 

Radiation i n  Electronics, Electro Mechanical Design, Nov. 1964 
Radiation effects on components (news report) . 
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Scien t i f i c  Findings from Explorer V I ,  NASA SP-54, U.S. Government 
Printing Office, 381 pps. 

Report on Explorer VI Flight in 4 parts 
I Astronomy & Celeestial Mechanics 
I1 Ionospheric Physics 

IV Magnetic Field Experiments 
I11 Energetic Particles in Magnetic Fields 

Shock and vibmtion i n  @ace Environment: -An Annotated Bibliogrqkz; 
Lockheed Missiles & Space Company, Sunnyvale, California 

A treatment of shock and vibration in combination with each 
other and/or other space environments. 
Includes personal and corporate author and subject index. 

Covers 1960 to 1962. 

Shock, Vibration and Associated Environments, P a r t  II and 111, Bulleting 
31, Naval Res. Labs. Mar 1963. 

Collection of papers given at 31st Symposium on Shock, Vibration 
and Associated Environments, Phoenix, Arix., 1962, Office of 
Secretary of Defense, Research and Engineering made data on 
space vehicles and environments during launching. 

Shock, Vibration and Associated Environments, Part 11, 111, and IV, 
Bulletin 33, Naval Res. Labs., 1964. 

Collection of papers given at 33rd Symposium on Shock, Vibration 
and Associated Environments, Wash., D.C. Dec 1963. Much data 
on space vehicles and associated environments during launching. 

Space Environment Criteria, NASA N65-17610, Wash. D.C., February 1965. 
Space Environment Bibliography 

Space Radiation Guide, Contract No. AF 33(616)-7631, Biomedical Lab., 
Wright Patterson AFB, Ohio, August 1962. 

A very good reference handbook. Various topics discussed, 
data included. 

Space Materials Handbook, TechnicaZ Documentary Report, No. ML-TDR-64-40, 
Lockheed Missles and Space Company Sunnyvale Calif., January 1965. 

Good reference on space material-section on explosive etc. 

STL Shock Isolation Pane2 - Ground Shock ProbZems i n  Hardened Missile 
InstaZzations, AD 337 694 FIL Log No. 1641 (Confidential), April 1960, 
Space Technology Laboratories Inc., Los Angeles 45, California 

Prevention of damage to missile installation due to the ground 
shock induced by a nuclear burst. 
of magnitude greater than that listed in MIL STD 810, but effect 
on missile itself negates consideration of lesser effects on EEDs. 

Displacement and accelerations 
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